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V/ork described in this thesis was undertaken to 
determine the effect of wood on behavioural aspects and 
growth of fungi and bacteria in pure culture and soil.
It was shown that sapwood blocks of lime (Tilia 
vulgaris) end pine (Pinus sylvestris) strongly influenced 
hyphal extension patterns of several wood inhabiting fungi 
when placed to one side of developing colonies, by eliciting 
either positive or negative chemotropic responses. A method 
was developed to measure and quantify these responses and 
statistically analyse them. then such fungi were grown in 
the presence of wood blocks treated with organic or GCA 
preservatives, only those preservatives with a volatile 
component influenced tropic responses. GCA treated blocks, 
even when leached, had no significant effect on the 
chenotropic response.
Aqueous extracts of sapwood of several wood species 
v/ere shown to elicit positive chemotactic responses in a 
number of flagellate wood and soil inhabiting bacteria. 
Chenotaxis was also demonstrated to amino acids and sugars, 
such responses being greater, at the concentrations used in 
this investigation, to compounds with a nitrogen component.
Nitrogen contents of soils at IRG test sites were 
determined and found not to correlate with published decay 
estimates. It was considered that refinement and 
standardisation of soil sampling procedures was required in 
further studies.
Both fungal hyphal lengths and bacterial numbers 
were shown to increase in soil within 3mm of decaying wood, 
and such increases correlated with mass loss and nitrogen 
content of wood. Dehydrogenase activity in soil was 
significantly correlated with biomass presence, and both 
biomass increases and enzyme activity were inhibited in the 
presence of pine and in wood impregnated with GGA.
the presence of plastic barriers about wood in 
soil inhibited mass loss, nitrogen accumulation and 
dehydrogenase activity in wood and dehydrogenase activity 
in soil contiguous with'such barriers. It was. proposed that 
barriers acted as a prophylactic against the chemostimulation 
of soil microbial populations and microbial transfer from 
soil to wood.
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V e r y  l a r g e  q u a n t i t i e s  o f  o r g a n i c  m a t e r i a l s  a r e  
p r o d u c e d  a n n u a l l y  i n  t e r r e s t r i a l  e c o s y s t e m s  b y  p l a n t  g r o w t h ,  
v a r y i n g  p r o p o r t i o n s  o f  w h i c h ,  d e p e n d i n g  o n  b i o m e  t y p e ,  a r e  
d e p o s i t e d  a s  l i t t e r .  B r a y  a n d  G o r h a m  ( 1 9 6 4 - )  e s t i m a t e d  t h a t  f o r  
t e m p e r a t e  f o r e s t s  f o u r  t o n n e s  o f  l i t t e r  p e r  h e c t a r e  a r e  p r o d u c e d  
y e a r l y ,  o f  w h i c h  a s  m u c h  a s  3 > 0 % c o n s i s t s  o f  w o o d y  m a t e r i a l .  S u c h  
m a t e r i a l  i s  r e c y c l e d  w i t h i n  s p e c i f i c  t i m e  p e r i o d s ,  a l t h o u g h  
p e r s i s t e n c e  o f  o r g a n i c  m a t e r i a l  i n  s o i l  m a y  a l s o  o c c u r ,  o f t e n  
f o r  c o n s i d e r a b l e  p e r i o d s  o f  t i m e ,  r e s u l t i n g  f r o m  s p e c i a l  a d v e r s e  
c o n d i t i o n s ,  s u c h  a s  p e r m a n e n t  w a t e r l o g g i n g .  F e w  n a t u r a l l y  
o c c u r r i n g  o r g a n i c  m a t e r i a l s  a r e  i n h e r e n t l y  r e s i s t a n t  t o  
b r e a k d o w n ,  h o w e v e r ,  a n d  g e n e r a l l y  c o m p l e t e  s u b s t r a t e  
m i n e r a l i s a t i o n  o c c u r s  ( J e n k i n s o n ,  1 9 S 1 ) .
T h e  d e c o m p o s i t i o n  o f  l i t t e r  b y  m i c r o b i a l  a c t i o n  h a s  
e v o l v e d  a s  t h e  p r e d o m i n a n t  p r o c e s s  b y  w h i c h  n u t r i e n t s  a r e  
r e c y c l e d  w i t h i n  s o i l  s y s t e m s  a n d  r a t e s  a t  w h i c h  l i t t e r  s u b s t r a t e s  
a r e  m i n e r a l i s e d  d e p e n d  o n  p r e v a i l i n g  e c o l o g i c a l  c o n d i t i o n s ;  
s t e a d y  r a t e s  d e v e l o p ,  h o w e v e r ,  w h i c h  a r e  c h a r a c t e r i s t i c  o f  
c e r t a i n  s t a b l e  b i o m e s .  L i t t e r  d e c o m p o s i t i o n  p r o c e s s e s  i n  
t e m p e r a t e  s o i l s  a r e  d o m i n a t e d  b y  f u n g i  a n d  b a c t e r i a .  S o i l  
f a u n a  a i d  t h e  m i c r o b i a l  p r o c e s s e s  b y  c o m m i n u t i n g  l a r g e  l i t t e r  
p a r t i c l e s  r e s u l t i n g  i n  i n c r e a s e d  s u r f a c e  a r e a s  o f  s u b s t r a t e  
a v a i l a b l e  f o r  i n v a s i o n  a n d  c o l o n i s a t i o n ,  w h i l s t  e f f e c t i n g  o n l y  
l i m i t e d  c h a n g e s  i n  t h e  c h e m i c a l  s t a t u s  o f  t h e  s u b s t r a t e  i t s e l f  
( J e n s e n ,  1 9 7 ^ 0 .
T h e  m y c e l i a l  g r o w t h  f o r m  o f  f u n g i  a l l o w s  t h e s e
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o r g a n i s m s  t o  i n v a d e  w o o d  s u b s t r a t e  a t  b o t h  a  c e l l u l a r  a n d  
m o l e c u l a r  l e v e l .  M o d e s  o f  p e n e t r a t i o n  a n d  s p e c i f i c  p a t t e r n s  o f  
s u b s t r a t e  d e p o l y m e r i s a t i o n  l e a d  t o  c h a r a c t e r i s t i c  t y p e s  o f  
d e c a y .  T h e  m a j o r  d e c a y  t y p e s  d e l i m i t e d  b y  t h e s e  c r i t e r i a  h a v e  
a t t r a c t e d  c o n s i d e r a b l e  r e s e a r c h  i n t e r e s t ,  a n d  f u n g i  w h i c h  e f f e c t  
d e c o m p o s i t i o n  c a n  b e  c l a s s i f i e d  o n  t h e  p h y s i o l o g y  o f  t h e  d e c a y  
o r g a n i s m s  a n d  t h e  r e s u l t i n g  m i c r o m o r p h o l o g y  o f  t h e  d e c a y  
p r o d u c e d .  U n t i l  t h e  w o r k  o f  S a v o r y  ( 1 9 5 * 0 ,  c e l l u l o l y t i c  a n d  
l i g n o c e l l u l o l y t i c  B a s i d i o m y c e t e  f u n g i  w e r e  c o n s i d e r e d  t o  b e  t h e  
s o l e  c a u s a t i v e  a g e n t s  o f  l a r g e  s c a l e  f u n g a l  d e g r a d a t i o n  o f  
t i m b e r .  S a v o r y  ( 1 9 5 * 1 -  0£ .  c i t . ) ,  h o w e v e r ,  d e m o n s t r a t e d  t h a t  
A s c o m y c e t e s  a n d  F u n g i  I m p e r f e c t i  w e r e  i m p l i c a t e d  i n  s u r f a c e  
d e c a y  o f  t i m b e r ,  d e c a y  b e i n g  r e s t r i c t e d  t o  S ^  l a y e r  o f  t h e  
s e c o n d a r y  c e l l  w a l l s  o f  t r a c h e i d s  a n d  f i b r e s  a n d  m o d e r a t e d  b y  
c e l l u l a s e  a c t i v i t y .  T h i s  d e c a y  f o r m  r e s u l t e d  i n  s u r f a c e  
s o f t e n i n g  o f  t i m b e r  a n d  h e  p r o p o s e d  t h e  t e r m  ' s o f t  r o t '  t o  
d e s c r i b e  s u c h  d e c a y .
S u b s e q u e n t  t o  t h e  o b s e r v a t i o n s  o f  S a v o r y ,  a n a l y s e s  o f  
s o f t  r o t  m i c r o m o r p h o l o g y  ( F i n d l a y ,  1 9 7 0 ;  U u n d s t r o m , 1 9 7 2 ;  H a l e  
6- E a t o n ,  1 9 8 1 )  a n d  p h y s i o l o g y  ( N i l s s o n ,  1 9 7 4 )  h a v e  e l u c i d a t e d  
t h e  d e t a i l e d  r e l a t i o n s h i p  b e t w e e n  d e c a y  f u n g i  a n d  w o o d  
s u b s t r a t e .  T h e  i m p o r t a n c e  o f  s o f t  r o t  d e c a y  i n  t e r r e s t r i a l  
e c o s y s t e m s  i s  n o w  r e c o g n i s e d ,  e s p e c i a l l y  i n  w o o d  t r e a t e d  w i t h  
c o p p e r  c h r o m e  a r s e n i c  p r e s e r v a t i v e .
B e h a v i o u r  p a t t e r n s  o f  m i c r o b i a l  c o m m u n i t i e s  a r e  
r e g u l a t e d  b y  a  m u l t i t u d e  o f  e x o g e n o u s  e n v i r o n m e n t a l  f a c t o r s  a n d  
r e s t r i c t i o n s  c o n f e r r e d  o n  t h e m  b y  c o n s t i t u t i v e  n e c e s s i t i e s  s u c h  
a s  d o r m a n c y .  A l t h o u g h  n u t r i t i o n a l  r e q u i r e m e n t s  v a r y  o n l y  t o  a
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s m a l l  d e g r e e  b e t w e e n  g r o u p s  o f  o r g a n i s m s ,  t h e i r  a b i l i t y  t o  
d e p o l y m e r i s e  c o m p l e x  s u b s t r a t e s  e n c o m p a s s e s  a  w i d e r  s p e c t r u m .  
C l a s s i f i c a t i o n s  o f  s o i l  m i c r o o r g a n i s m s  b a s e d  o n  t h e i r  
n u t r i t i o n a l  a b i l i t i e s  h a v e  b e e n  i n  e x i s t e n c e  f o r  m a n y  y e a r s .  
W i n o g r a d s k y  ( 1 9 2 ^ 0  d i v i d e d  s o i l  b a c t e r i a  i n t o  z y m o g e n o u s  a n d  
a u t o c h t h o n o u s  s p e c i e s .  Z y m o g e n o u s  g r o u p s  a r e  o p p o r t u n i s t s  
w h i c h  e x i s t  i n  s o i l  u n d e r  c o n d i t i o n s  o f  b a c t e r i o s t a s i s .  T h e s e  
f l o u r i s h  w h e n  s o i l  i s  a m e n d e d  w i t h  e a s i l y  m e t a b o l i s e d  
s u b s t r a t e s ,  t h e i r  n u m b e r s  r a p i d l y  d e c r e a s i n g  w h e n  s u c h  
s u b s t r a t e s  h a v e  b e e n  u t i l i s e d .  A u t o c h t h o n o u s  s p e c i e s  m a i n t a i n  
m o r e  l e v e l  n u m b e r s ,  u t i l i s i n g  r e c a l c i t r a n t ,  c o m p l e x  p o l y m e r i c  
s u b s t r a t e s  a n d  v e g e t a t i v e  p r o p a g u l e s  p r e d o m i n a t e .
A  s i m i l a r  e c o l o g i c a l  s c h e m e  f o r  f u n g i  w a s  p o s t u l a t e d  
b y  G a r r e t t  ( 1 9 & 3 ) *  I n i t i a l  c o l o n i s e r s  o f  a  n e w  r e s o u r c e  i n  
s o i l  w e r e  c o n s i d e r e d  t o  b e  t h o s e  f u n g i  w h i c h  c o u l d  r e a d i l y  
a s s i m i l a t e  n o n - p o l y m e r  s u b s t r a t e s  a n d  p r o d u c e  r a p i d  g r o w t h  t o  
e x p l o i t  t h e  a v a i l a b l e  r e s o u r c e .  S p o r u l a t i o n  a n d  d i s p e r s a l  
t h e n  t o o k  p l a c e  w h e n  r e s o u r c e s  b e c a m e  d e p l e t e d .  F u r t h e r  o n  i n  
t h e  d e c a y  p r o c e s s ,  c e l l u l o l y t i c  A s c o m y c e t e s  a n d  F u n g i  I m p e r f e c t i  
a n d  l i g n o l y t i c  B a s i d i o m y c e t e s  b e c a m e  d o m i n a n t ,  c a u s i n g  t h e  b u l k  
o f  t h e  d e c a y .  A s s o c i a t e d  w i t h  t h e  s l o w e r  g r o w i n g  m a c r o f u n g i  
w e r e  a  s e c o n d  g r o u p  o f  s e c o n d a r y  s u g a r  f u n g i .  F r a n k l a n d  ( 1 9 7 6 ) ,  
h o w e v e r ,  i n v e s t i g a t i n g  P t e r i d i u m  p e t i o l e  d e c o m p o s i t i o n  f o u n d  
p r i m a r y  c o l o n i s e r s  t o  b e  c e l l u l o l y t i c  a n d  l i g n o l y t i c  
b a s i d i o m y c e t e s ,  a n d  m i c r o f u n g i  d i d  n o t  b e c o m e  p r e v a l e n t  u n t i l  
t h e  f o u r t h  y e a r  o f  d e c a y ,  p r e s u m a b l y  a s s i m i l a t i n g  s o l u b l e  
s u g a r s  r e s u l t i n g  f r o m  t h e  h y d r o l y t i c  a c t i o n  o f  b a s i d i o m y c e t e  
c e l l u l a s e s .  C a u t i o n  m u s t  b e  e x e r c i s e d ,  h o w e v e r ,  i n
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n u t r i t i o n a l l y  b a s e d  c l a s s i f i c a t i o n s ;  P a r k  ( 1 9 7 6 )  h a s  s h o w n  t h a t  
f u n g i  e a r l i e r  t h o u g h t  t o  b e  n o n - c e l l u l o l y t i c ,  d o ,  i n  f a c t ,  
p r o d u c e  c e l l u l a s e s  u n d e r  c e r t a i n  c o n d i t i o n s .
A  g r e a t  d e a l  o f  a t t e n t i o n  h a s  b e e n  g i v e n  t o  m i c r o b i a l  
s u c c e s s i o n  i n  s a p w o o d  e x p o s e d  t o  s o i l  t o  d e t e r m i n e  t h e  e c o l o g y  
o f  w o o d  d e c a y  i n  t h e  s o i l  s i t u a t i o n .  D e t a i l e d  a n a l y s e s  o f  
m i c r o b i a l  s u c c e s s i o n  i n  b o t h  a n  u n t r e a t e d  a n d  c o p p e r  c h r o m e  
a r s e n i c  t r e a t e d  h a r d w o o d  ( b i r c h ) ,  a n d  a  s o f t w o o d  ( S c o t s  p i n e ) ,  
h a v e  b e e n  u n d e r t a k e n  b y  C l u b b e  &  L e v y  ( 1 9 8 2 ) .  T h e
s u c c e s s i o n a l  e v e n t s  f o r  u n t r e a t e d  h a r d w o o d  a n d  s o f t w o o d  w e r e  
s h o w n  t o  b e  s i m i l a r ;  h o w e v e r ,  t h e  t i m e  c o u r s e  f o r  t h e  d e c a y  o f  
t h e  s o f t w o o d  w a s  l o n g e r  w i t h  b a s i d i o m y c e t e s  t h e  c l i m a x  
m i c r o f l o r a  i n  b o t h .  I n i t i a l  c o l o n i s e r s  w e r e  b a c t e r i a  w h i c h  
d i m i n i s h e d  i n  n u m b e r s  d u r i n g  t h e  y e a r .  T h e s e  w e r e  f o l l o w e d  
s e q u e n t i a l l y  b y  p r i m a r y  m o l d s ,  ' s o f t  r o t s '  a n d  b a s i d i o m y c e t e s  
w i t h  s e c o n d a r y  m o l d s  i n c r e a s i n g  i n  i m p o r t a n c e  w i t h  t h e  
e s t a b l i s h m e n t  o f  g r o s s  d e c a y .  T h e  e f f e c t  o f  t r e a t i n g  s a p w o o d  
o f  b o t h  s p e c i e s  w i t h  c o p p e r  c h r o m e  a r s e n i c  w a s  t o  e l i m i n a t e  
t h e  e s t a b l i s h m e n t  o f  b a s i d i o m y c e t e s  t h e  c l i m a x  m y c o f l o r a  a n d  
t h e  s u b s t i t u t i o n  o f  s o f t  r o t  f u n g i  i n  t h i s  r o l e ,  a n d  t o  c o n f e r  
g r e a t e r  p r o t e c t i o n  o n  t h e  s o f t w o o d  t o  s o f t  r o t  d e c a y .
S u b s t r a t e  d e c o m p o s i t i o n  p r o c e s s e s  a r e  m e d i a t e d  b y  
e n z y m e s .  N u t r i e n t s  r e l e a s e d  d u r i n g  s u c h  p r o c e s s e s  a r e  
a s s i m i l a t e d  a n d  i m m o b i l i s e d  b y  d e g r a d i n g  o r g a n i s m s  a n d  a r e  
u t i l i s e d  f o r  g r o w t h  a n d  e n e r g y  r e q u i r e m e n t s .  B y  f a r  t h e  
l a r g e s t  p r o p o r t i o n  o f  p l a n t  m a t e r i a l  i s  c o m p o s e d  o f  c o m p l e x  
c a r b o h y d r a t e  s u b s t r a t e s  w h i c h  a r e  r e a d i l y  d e g r a d e d  a n d  
a s s i m i l a t e d  b y  d e c a y  o r g a n i s m s .  T h e s e  s u b s t r a t e s  n o t  o n l y
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s u p p l y  m a t e r i a l  f o r  t h e  s y n t h e s i s  o f  n e w  m i c r o b i a l  b i o m a s s ,  
b u t  a r e  a l s o  o x i d i s e d  t o  p r o v i d e  e n e r g y  f o r  t h e  a n a b o l i c  
p r o c e s s e s .  B e c a u s e  o f  i t s  r e l a t i v e  a b u n d a n c e  i n  t h e  s o i l  
e n v i r o n m e n t ,  c a r b o n  t e n d s  n o t  t o  b e  a  l i m i t i n g  f a c t o r  d u r i n g  
d e c o m p o s i t i o n  a n d  i s  r e a d i l y  m i n e r a l i s e d  t o  C O ^ .
N o t  a l l  n u t r i e n t  e l e m e n t s  a r e  p r e s e n t  i n  p l a n t  
m a t e r i a l s  i n  s u c h  l a r g e  q u a n t i t i e s ,  a n d  d u r i n g  d e c o m p o s i t i o n  
g r o w t h  o f  d e c a y  o r g a n i s m s  m a y  b e  l i m i t e d  b y  n u t r i e n t  
d e f i c i e n c e s .  C a r b o n  u t i l i s a t i o n  i s  m o d e r a t e d  b y  t h e  
p r o p o r t i o n  o f  o t h e r  n u t r i e n t  e l e m e n t s  p r e s e n t  a n d  r e s t r i c t e d  
i f  t h e s e  e l e m e n t s  a r e  p r e s e n t  i n  l i m i t e d  a m o u n t s .  O n e  i n d i c a t o r  
o f  t h e  d e g r e e  t o  w h i c h  c a r b o n  m a y  b e  u t i l i s e d  i s  t h e  r a t i o  o f  
t h e  a m o u n t  o f  c a r b o n  p r e s e n t  i n  t h e  r e s o u r c e  t o  t h a t  o f  o t h e r  
n u t r i e n t  e l e m e n t s .  A  l a r g e  r a t i o  i s  i n d i c a t i v e  o f  e x c e s s  
c a r b o n ,  a n d  i t s  u t i l i s a t i o n  i s  l i m i t e d  i n i t i a l l y  b y  t h e  
r e s t r i c t e d  a m o u n t s  o f  o t h e r  n u t r i e n t  e l e m e n t s  p r e s e n t .  H o w e v e r ,  
a s  t h e  l a t t e r  a r e  p r e s e n t  i n  l i m i t e d  q u a n t i t i e s ,  t h e y  a r e  
i m m o b i l i s e d  a n d  c o n s e r v e d  f o r  s y n t h e s i s  b y  m i c r o o r g a n i s m s  
p r e s e n t ,  w h e r e a s  t h e  p r o p o r t i o n  o f  t h e  c a r b o n  u t i l i s e d  f o r  
e n e r g y  i s  v o l a t i l i s e d  a s  C O ^  a n d  l o s t  f r o m  t h e  s y s t e m .  T h e  
c o n t i n u e d  l o s s  o f  c a r b o n  v i a  r e s p i r a t i o n  a n d  t h e  r e t e n t i o n  o f  
n u t r i e n t  e l e m e n t s  v i a  m i c r o b i a l  i m m o b i l i s a t i o n  n a r r o w s  t h e  
c a r b o n  :  n u t r i e n t  e l e m e n t  r a t i o ,  u n t i l  a  r a t i o  i s  r e a c h e d  w h e r e  
t h e  n u t r i e n t  e l e m e n t  i s  n o  l o n g e r  a  l i m i t i n g  f a c t o r ,  a n d  n e t t  
m i n e r a l i s a t i o n  o f  t h a t  e l e m e n t  c a n  o c c u r .
N i t r o g e n  i s  a  n u t r i e n t  e l e m e n t  e s s e n t i a l  t o  a l l  
b i o l o g i c a l  s y s t e m s  b e i n g  a  c o n s t i t u e n t  o f  p r o t e i n  a n d  n u c l e i c  
a c i d  p o l y m e r s ,  a n d  i s  p r e s e n t  i n  l i m i t e d  q u a n t i t i e s  b o t h  i n
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l i t t e r  a n d  i n  s o i l  i n  t h e  f o r m  o f  p r o t e i n s ,  n u c l e i c  a c i d s ,  
a m i n o  a c i d s  a n d  i n o r g a n i c  f o r m s  ( A l e x a n d e r  1 9 7 7 ) •  D e m a n d s  f o r
w h e n  t h e  p h y s i c a l  c o n d i t i o n s  o f  t h e  e n v i r o n m e n t  a r e  o p t i m a l  f o r  
r a p i d  g r o w t h ,  p r o v i d e d  o t h e r  n u t r i t i o n a l  p a r a m e t e r s  a r e  
s a t i s f i e d .  F u n g a l  a n d  b a c t e r i a l  c e l l s  n o t  u n d e r  e n v i r o n m e n t a l  
o r  n u t r i t i o n a l  s t r e s s  c o n t a i n ,  o n  a  d r y  m a s s  b a s i s ,  
a p p r o x i m a t e l y  3  -  4 %  a n d  8 -  1 5 %  n i t r o g e n ,  a n d  C  :  N  r a t i o s  o f  
1 0  :  1 a n d  4  :  1 r e s p e c t i v e l y ;  h o w e v e r ,  s u c h  c o n d i t i o n s  r a r e l y  
p r e v a i l  i n  n a t u r a l  s i t u a t i o n s .  S p e c u l a t i n g  o n  t h e s e  f i g u r e s  
i t  w o u l d  b e  n e c e s s a r y  f o r  a  m y c o l o g i c a l  c o m m u n i t y  a c t i v e l y  
d e c o m p o s i n g  a  p l a n t  r e s o u r c e  t o  a s s i m i l a t e  c a r b o n  a n d  
n i t r o g e n  i n  t h e  r a t i o  o f  1 0  :  1 t o  s a t i s f y  o p t i m a l  g r o w t h  
d e m a n d s  a n d  a  f u r t h e r  a m o u n t  o f  c a r b o n  f o r  t h e  p r o v i s i o n  o f  
e n e r g y .  E s t i m a t e s  f o r  t h e  p r o p o r t i o n  o f  c a r b o n  a s s i m i l a t e d  t o  
t h e  a m o u n t  v o l a t i l i s e d  a s  C O ^  d u r i n g  r e s p i r a t i o n  v a r y  b e t w e e n  
4 0 %  a n d  66% ,  t h e  r e m a i n d e r  b e i n g  a s s i m i l a t e d .  A s s u m i n g  a  
m e d i a n  f i g u r e  o f  5 0 %  t h e n  f o r  20  u n i t s  o f  c a r b o n  u t i l i s e d ,  1 0  
u n i t s  a r e  m i n e r a l i s e d  a s  C O ^ ,  a n d  1 0  u n i t s  s y n t h e s i s e d  i n t o  n e w  
c e l l  c o n s t i t u e n t s ;  c o n c o m i t a n t  w i t h  t h i s  i s  a n  a s s i m i l a t i o n  
o f  1 u n i t  o f  n i t r o g e n .  A t  o r  a b o v e  t h i s  t h e o r e t i c a l  C  : N  
r a t i o  o f  20  :  1 , a l l  s u b s t r a t e  n i t r o g e n  m o b i l i s e d  b y  d e c a y  
o r g a n i s m s  w i l l  b e  u t i l i s e d  a s  m i c r o b i a l  b i o m a s s ;  b e l o w  t h i s  
f i g u r e  n i t r o g e n  w o u l d  b e  i n  e x c e s s  o f  r e q u i r e m e n t s  a n d  
m i n e r a l i s e d .  T h e s e  f i g u r e s  a s s u m e  t h a t  n i t r o g e n  p r e s e n t  i n  t h e  
p l a n t  r e s o u r c e  i s  i n  a  p o t e n t i a l l y  a v a i l a b l e  f o r m  w h i c h  m i g h t  
n o t  b e  t h e  c a s e .  I n  t e r m s  o f  r e s o u r c e  q u a l i t y ,  p l a n t  m a t e r i a l s  
a r e  d e c o m p o s e d  a t  a c c e l e r a t e d  r a t e s  i n  r e s p o n s e  t o  i n c r e a s e s  i n
t h e i r  h i g h e s t  d u r i n g  p e r i o d s
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t h e  a m o u n t  a n d  a v a i l a b i l i t y  o f  t h e i r  n i t r o g e n  c o n t e n t s .  T h i s  
i s  s u p p o r t e d  b y  e x p e r i m e n t a l  d a t a  w h i c h  d e m o n s t r a t e s  t h a t  
s u p p l e m e n t a r y  n i t r o g e n  a d d e d  t o  p l a n t  m a t e r i a l  i n c r e a s e s  r a t e s  
o f  d e c o m p o s i t i o n  ( F i n d l a y ,  1 93^;  A I l i s o n , 1 960) ,  a n d  t h a t  p l a n t  
m a t e r i a l s  w i t h  n a t u r a l l y  h i g h  n i t r o g e n  l e v e l s  t e n d  t o  b e  
m i n e r a l i s e d  m o r e  r e a d i l y . t h a n  t h o s e  w i t h  l o w e r  n i t r o g e n  
c o n c e n t r a t i o n s  ( L e v i  &  C o w l i n g ,  1 9 6 8 ;  A l e x a n d e r ,  1 9 7 7 ) •
T h e  e c o n o m i c  i m p o r t a n c e  o f  w o o d  t o  m a n  h a s  m e a n t  t h a t  
p r o c e s s e s  w h i c h  m o d e r a t e  d e c o m p o s i t i o n  h a v e  a t t r a c t e d  i n t e n s i v e  
i n t e r e s t .  W o o d ,  a s  a  p l a n t  m a t e r i a l ,  i s  p a r t i c u l a r l y  l o w  i n  
n i t r o g e n ,  w i t h  h i g h  c a r b o n  : n i t r o g e n  r a t i o s .  W o o d  o f  s t a n d i n g  
t r e e s  i s  n o t  a  h o m o g e n o u s  m a t e r i a l ,  a n d  v a r i a t i o n  i n  n i t r o g e n  
c o n t e n t s  o f  t i s s u e s  a n d  c e l l s  i s  o b s e r v e d .  N i t r o g e n  c o n t e n t  o f  
t i s s u e s  v a r i e s  w i t h  t h e  s t a g e  o f  d e v e l o p m e n t ,  p h y s i o l o g i c a l  
s t a t u s  a n d  f u n c t i o n  a t  m a t u r i t y ;  h o w e v e r ,  i t  r a r e l y  e x c e e d s  
0*2% a n d  i s  g e n e r a l l y  l o w e r  (  Merrill &  C o  wling, 1 9 6 6 ) .  I n  
c o m p e n s a t i o n  f o r  p o o r  r e s o u r c e  q u a l i t y ,  m a n y  w o o d  d e c o m p o s i n g  
b a s i d i o m y c e t e s  a p p e a r  t o  h a v e  e v o l v e d  a d a p t i v e  p h y s i o l o g i e s ,  
u t i l i s i n g  n i t r o g e n  p o o r  s u b s t r a t e s  b y  a  p r e f e r e n t i a l  d i s t r i b u t i o n  
o f  n i t r o g e n  t o  e s s e n t i a l  m e t a b o l i c  p a t h w a y s .  S u c h  a l l o c a t i o n  
a l l o w s  f o r  c o n t i n u e d  d e c o m p o s i t i o n  o f  t h e  r e s o u r c e ,  e v e n  t h o u g h  
t h e  n i t r o g e n  c o n t e n t  o f  t h e  m y c e l i u m  i s  d e p l e t e d .
W h e r e a s  b a s i d i o m y c e t e s  c a n  u t i l i s e  w o o d  r e s o u r c e s  w i t h  
i n h e r e n t l y  l o w  l e v e l s  o f  n i t r o g e n ,  s o f t  r o t  f u n g i  h a v e  g r e a t e r  
d e m a n d s  f o r  n i t r o g e n  ( S a v o r y ,  1 9 3 ^ ;  D u n c a n ,  1 9 6 3 ;  L e v i  &
C o w l i n g ,  1 9 6 9 ;  L u n d s t r o m ,  1 9 7 2 ;  B u t c h e r  &  D r y s d a l e ,  1 9 7 ^ ) .  
M e c h a n i s m s  w h i c h  d e t e r m i n e  i n c r e a s e s  o f  n i t r o g e n  i n  w o o d  i n  
s o i l  w h e r e b y  s o f t  r o t  o r g a n i s m s  c a n  b e c o m e  a c t i v e  d e c o m p o s e r s
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h a v e  b e e n  p o s t u l a t e d  b y  a  n u m b e r  o f  a u t h o r s .  L e v y  ( 1 9 6 8 )  
p r o p o s e d  a  p a s s i v e ,  a b i o t i c  m o v e m e n t  o f  s o l u b l e  c o m p o u n d s  o f  
n i t r o g e n  i n t o  w o o d  i n  s o i l  i n  r e s p o n s e  t o  a  ' w i c k '  a c t i o n  
o c c u r r i n g  i n  t h e  s t a k e  i n  t h e  s o i l .  I n c r e a s e s  i n  n i t r o g e n  
w i t h i n  w o o d  d u e  t o  t h e  a c t i v i t i e s  o f  n i t r o g e n  f i x i n g  b a c t e r i a  
h a v e  a l s o  b e e n  s u g g e s t e d  a n d  t h i s  c a p a b i l i t y  h a s  b e e n  
d e m o n s t r a t e d  b y  v a r i o u s  a u t h o r s  ( S h a r p  &  M i l l b a n k ,  1 9 7 3 ;  L e v y  
e t  a l ,  1 9 7 ^ ;  B a i n e s  &  M i l l b a n k ,  1 9 7 6 ) .  K i n g  _ e t  a l  ( 1 9 7 6 )  
f o u n d  n i t r o g e n  i n c r e a s e s  i n  w o o d  o n l y  i n  a r e a s  w h e r e  t h e r e  w a s  
a  m i c r o b i a l  p r e s e n c e ;  a r e a s  o f  t h e  w o o d  u n c o l o n i s e d ,  b u t  
w e t t e d  b y  s o i l  s o l u t i o n  s h o w e d  n o  s u c h  i n c r e a s e s .  T h i s  l e d  
K i n g  t o  s u g g e s t  t h a t  n i t r o g e n  i n c r e a s e s  w e r e  m a i n l y  o f  
m i c r o b i o l o g i c a l  o r i g i n .
K i n g  _ e t  a l  o p .  c i t .  d e m o n s t r a t e d  t h a t  d u r i n g  d r y i n g  
o f  g r e e n  w o o d ,  n u t r i e n t s  i n c l u d i n g  s o l u b l e  n i t r o g e n o u s  
c o m p o u n d s  w h i c h  a r e  p r e s e n t  i n  o n l y  l i m i t e d  a m o u n t s  i n  g r e e n  
w o o d ,  m i g r a t e  t o  a n d  a r e  c o n c e n t r a t e d  a t  t h e  w o o d  s u r f a c e  a s  
w a t e r  e v a p o r a t e s  a t  t h e  w o o d  -  a i r  i n t e r f a c e .  W o o d  s u r f a c e s ,  
t o  d e p t h s  o f  3 m m ,  a r e  b y  t h i s  p r o c e s s  o f  r e d i s t r i b u t i o n  
e n r i c h e d  w i t h  a n  i n c r e a s e d  n u t r i e n t  s t a t u s .  E x a m i n a t i o n  o f  
m a t c h e d  s a p w o o d  b l o c k s  o f  s i t k a  s p r u c e ,  w i t h  a n d  w i t h o u t  
n u t r i e n t  r i c h  s u r f a c e s ,  w h i c h  h a d  b e e n  b u r i e d  i n  s o i l  f o r  
p e r i o d s  o f  1 2  w e e k s ,  i n d i c a t e d  t h a t  t h e  d e g r e e  o f  s o f t  r o t  
c a v i t y  f o r m a t i o n  w a s  g r e a t e r  i n  n u t r i e n t  r i c h  m a t e r i a l .  W a i t e  
a n d  K i n g  ( 1 9 7 9 )  f u r t h e r  d e m o n s t r a t e d  t h a t  t h e  p r e s e n c e  o f  a  
n u t r i e n t  r i c h  s u r f a c e  a c c e l e r a t e d  d e c a y  r a t e s  c o m p a r e d  t o  w o o d  
w h e r e  n u t r i e n t s  w e r e  d e p l e t e d .  I t  w a s  a l s o  n o t e d  t h a t  t h e r e  
w a s  a  c o n t i n u o u s  i n p u t  o f  n i t r o g e n  t o  b l o c k s  d u r i n g
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d e c o m p o s i t i o n  p r o c e s s e s ,  w i t h  a  s i g n i f i c a n t  c o r r e l a t i o n  
b e t w e e n  m a s s  l o s s  a n d  n i t r o g e n  c o n t e n t ,  i r r e s p e c t i v e  o f  w o o d  
s p e c i e s  s t u d i e d .
P u r e  c u l t u r e  s t u d i e s  i n d i c a t e d  t h a t  f u n g i  ( K i n g  &  
W a i t e ,  1 9 7 9 )  a n d  b a c t e r i a  ( K i n g  e t  a l ,  1 9 8 0 )  c o u l d  c o n t r i b u t e  
s i g n i f i c a n t  a m o u n t s  o f  n i t r o g e n  t o  w o o d .  T h e s e  o b s e r v a t i o n s  
l e d  K i n g  t o  p r o p o s e  t h a t  s o f t  r o t  d e c a y  o f  w o o d  i n  s o i l  i s  
m e d i a t e d  b y  a  c o n t i n u a l  m i c r o b i a l  b i o m a s s  t r a n s f e r  f r o m  s o i l  t o  
w o o d ,  i n c r e a s i n g  t h e  n u t r i e n t  s t a t u s  o f  t h e  w o o d  a n d  t h e r e b y  
s a t i s f y i n g  t h e  e x a c t i n g  n u t r i t i o n a l  r e q u i r e m e n t s  o f  s o f t  r o t  
f u n g i .  P i n e  n e e d l e  d e c o m p o s i t i o n  s t u d i e s  u n d e r t a k e n  b y  B e r g  &  
S o d e r s t r o m  ( 1 9 7 9 )  a l s o  n o t e d  a  c o n t e m p o r a n e o u s  i n c r e a s e  i n  
n i t r o g e n  d u r i n g  d e c a y .  H e n n i n g s s o n  &  N i l s s o n  ( 1 9 7 6 )  r e p o r t e d  
e n h a n c e d  n i t r o g e n  c o n t e n t s  o f  p r e s e r v e d  t r a n s m i s s i o n  p o l e s  i n  
S w e d e n ,  a n d  F r i i s  H a n s e n  ( 1 9 7 6 )  n o t e d  t h a t  w h e r e  t r a n s m i s s i o n  
p o l e s  w e r e  n o t  i n  c o n t a c t  w i t h  s o i l  b e c a u s e  o f  t h e  p r e s e n c e  o f  
a  r o c k  b a c k f i l l ,  d e c a y  d i d  n o t  t a k e  p l a c e .
S o f t  r o t  f u n g i  a r e  t h e  m a j o r  a g e n t s  f o r  t h e  f a i l u r e  
o f  c o p p e r  c h r o m e  a r s e n i c  t r e a t e d  w o o d  i n  s o i l .  H e n n i n g s s o n  
( 1 9 7 6 )  d e m o n s t r a t e d  t h a t  t h e  a v a i l a b i l i t y  o f  n i t r o g e n o u s  
c o m p o u n d s  i n  l a b o r a t o r y  m e d i a  o r  i n  w o o d ,  i n c r e a s e d  t h e  
m i c r o b i a l  t o l e r a n c e  t o  b o t h  c o p p e r  a n d  a r s e n i c ,  a n d  L e v i  ( 1 9 6 9 )  
o b s e r v e d  s o l u b i l i s a t i o n  o f  C . C . A .  b y  m i c r o b i a l  b i o m a s s  p r e s e n t  
i n  w o o d .  T h e  i m p o r t a n c e  o f  s o l u b l e  n u t r i e n t s  o n  t h e  
e f f e c t i v e n e s s  o f  C . C . A .  p r e s e r v a t i v e  w a s  s t u d i e d  b y  K i n g  e _ t  a l  
( 1 9 8 1 )  u s i n g  m a t e r i a l s  w i t h  h i g h  a n d  l o w  n u t r i e n t  s t a t u s .  T h e  
p r e s e n c e  o f  s o l u b l e  n u t r i e n t  c o n t a i n i n g  n i t r o g e n  l o w e r e d  t h e  
t o x i c  t h r e s h o l d  a t  w h i c h  b u r i e d  b l o c k s  w e r e  p r o t e c t e d  a n d  i n
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u n d e c a y e d  b l o c k s  w i t h  h i g h  p r e s e r v a t i v e  l o a d i n g s  n o  i n c r e a s e s  
o c c u r r e d  i n  n i t r o g e n  c o n t e n t s .
D e t a i l s  o f  m i c r o b i a l  s u c c e s s i o n  p a t t e r n s  i n  b o t h  
c o p p e r  c h r o m e  a r s e n i c  t r e a t e d  a n d  u n t r e a t e d  w o o d  i n  s o i l  a r e  
n o w  w e l l  u n d e r s t o o d ;  h o w e v e r ,  e x p l a n a t i o n s  a s  t o  h o w  s u c h  
o r g a n i s m s  o c c u r  i n  w o o d  i n  t h e  f i r s t  i n s t a n c e  a r e  u n c l e a r ,  
a n d  i n i t i a l  i n t e r a c t i v e  e f f e c t s  b e t w e e n  w o o d  a n d  d e c a y  
o r g a n i s m s  h a v e  r e c e i v e d  l i t t l e  a t t e n t i o n .
A n  a n a l a g o u s  s y s t e m  i n  s o i l  w h i c h  h a s  r e c e i v e d  m u c h  
a t t e n t i o n  i s  t h e  p l a n t  r o o t  r h i z o s p h e r e ,  a n d  e v e n  h e r e  
d e t e r m i n a n t s  w h i c h  g o v e r n  r h i z o s p h e r e  d e v e l o p m e n t  a r e  u n c l e a r .  
Q u a l i t a t i v e  a n d  q u a n t i t a t i v e  d i f f e r e n c e s  b e t w e e n  r h i z o s p h e r e  
p o p u l a t i o n s  a n d  t h e  g e n e r a l  m i c r o f l o r a  d i s t r i b u t e d  t h r o u g h o u t  
t h e  s o i l  i n d i c a t e  t h a t  n o t  a l l  s o i l  m i c r o o r g a n i s m s  m a k e  t h e  
t r a n s i t i o n  f r o m  t h e  s o i l  t o  t h e  r h i z o s p h e r e .  T h e  c o n c e p t  t h a t  
d u r i n g  r o o t  d e v e l o p m e n t  t h e r e  i s  r a n d o m  c o i n c i d e n c e  o f  r o o t  
w i t h  s o i l  m i c r o f l o r a  l e a d i n g  t o  e n h a n c e d  p o p u l a t i o n s  o f  s e l e c t  
g r o u p s  b e t t e r  a b l e  t o  c o m p e t e  i n  t h e  r o o t  z o n e  e n v i r o n m e n t  c a n  
e x p l a i n  h o w  t h e s e  d i f f e r e n c e s  i n  p o p u l a t i o n s  a r i s e .
M o t i l e  b a c t e r i a  h a v e  b e e n  d e m o n s t r a t e d ,  i n  v i t r o ,  t o  
a c c u m u l a t e  i n  a r e a s  w h i c h  h a v e  h i g h  n u t r i t i o n a l  s t a t u s  ( B e r g ,  
1 9 7 5 ) ?  a n d  m o v e  t o  t h e s e  a r e a s  i n  r e s p o n s e  t o  s e n s e d  g r a d i e n t s  
i n  s o l u b l e  n u t r i e n t  c o n c e n t r a t i o n s  ( A d l e r ,  1 9 7 3 ) -  M o r e o v e r ,  
r e c e n t  w o r k  ( C u r r i e r ,  1 9 8 0 ;  B o w r a  &  D i l w o r t h ,  1 9 8 1 ;  G o t z  e _ t  a l , 
1 9 8 2 )  h a s  d e m o n s t r a t e d  t h a t  R h i z o b i u m  s p p .  r e s p o n d  c h e m o t a c t i c a l l y  
t o  c o m p o n e n t s  o f  r o o t  e x u d a t e s .  T h e  s i g n i f i c a n c e  o f  t h i s  
r e s p o n s e  i n  r h i z o s p h e r e  d e v e l o p m e n t  r e m a i n s  u n a s s e s s e d ,  b u t  
t h e  p o s s i b i l i t y  a r i s e s  t h a t  c h e m o t a c t i c  r e s p o n s e s  s h o w n  b y
Rhizobium may be of fundamental importance in establishment of
c o n t a c t  b e t w e e n  r o o t  a n d  b a c t e r i u m ,  p r i o r  t o  n o d u l e  f o r m a t i o n .
S m i t h  ( 1 9 8 0 )  p r o p o s e d  t h a t  d e c a y  o f  w o o d  i n  s o i l ,  a s  
m e a s u r e d  b y  l o s s  i n  t e n s i l e  s t r e n g t h ,  o c c u r r e d  i n  t w o  s t a g e s ,  
a n  i n d u c t i o n  p h a s e  a n d  a  d e c a y  p h a s e .  T h e  i n d u c t i o n  p h a s e  
c o n s i s t e d  o f  t h a t  p h a s e  d u r i n g  w h i c h  s t a s i s  r e l e a s e  o f  m i c r o b i a l  
p o p u l a t i o n s ,  i n i t i a t e d  b y  n u t r i e n t  d i f f u s i o n  f r o m  w o o d  t o  s o i l ,  
o c c u r r e d .  T h e  d u r a t i o n  o f  t h i s  p h a s e  w a s  e x t e n d e d  b y  t h e  
p r e s e n c e  o f  c o p p e r  c h r o m e  a r s e n i c  p r e s e r v a t i v e ,  w h i c h  m i g h t  
e i t h e r  i n t e r f e r e  w i t h  s t a s i s  r e l e a s e  o r  n e c e s s i t a t e  i n a c t i v a t i o n  
o f  t h e  p r e s e r v a t i v e  b y  m i c r o o r g a n i s m s  a n d  /  o r  m i c r o b i a l  
p r o d u c t s .  F o l l o w i n g  t h e  i n d u c t i o n  p h a s e  d e c a y  p r o c e e d e d  a t  a  
m o r e  o r  l e s s  c o n s t a n t  r a t e ,  a g a i n  t h i s  d e c a y  p h a s e  w a s  e x t e n d e d  
b y  i n c r e a s e d  p r e s e r v a t i v e  p r e s e n c e .
I t  i s  n o w  e s t a b l i s h e d  t h a t  t h e  p r e s e n c e  o f  g r e e n  o r  
h e a t  t r e a t e d  w o o d  i n  p r o x i m i t y  t o  f u n g a l  c o l o n i e s  c a n  r e s u l t  i n  
i n h i b i t i o n  o r  s t i m u l a t i o n  o f  f u n g a l  g r o w t h  i n  r e s p o n s e  t o  
v o l a t i l e s  e v a p o r a t i n g  f r o m  t h e  w o o d  s u r f a c e  ( F r i e s ,  1 9 7 3 ) •  
V o l a t i l e s  p r e s e n t  i n  r o o t  t i s s u e  o f  P i n u s  s y l v e s t r i s  L .  h a v e  
b e e n  d e m o n s t r a t e d  t o  h a v e  p r o f o u n d  e f f e c t s  o n  g r o w t h  p a t t e r n s  
o f  s e v e r a l  m y c o r r h i z a l  a n d  p a r a s i t i c  f u n g i  (  M e l i n  &  K r u p a ,
1 9 7 1 ;  K r u p a  &  N y l u n d ,  1 9 7 2 ) ,  a n d  t h e s e  a u t h o r s  s u g g e s t  t h a t  s u c h  
v o l a t i l e s  m a y  b e  i m p o r t a n t  i n  c o n f e r r i n g  d i s e a s e  r e s i s t a n c e  t o  
r o o t  s y s t e m s  o f  p i n e  i n  s o i l .
S m i t h  ( 1 9 8 0 , 0£  c i t . )  c o n c l u d e d  f r o m  h i s  w o r k  t h a t  
m e c h a n i s m s  d e t e r m i n i n g  m i c r o b i a l  s u c c e s s i o n  i n  w o o d  i n  s o i l  
w e r e  p o o r l y  u n d e r s t o o d .  F u r t h e r m o r e ,  h e  c o n s i d e r e d  t h a t  a  
c o n s i d e r a b l e  a m o u n t  o f  w o r k  h a d  b e e n  u n d e r t a k e n  o n  d e c a y ,  b u t
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l i t t l e  o n  f a c t o r s  w h i c h  i n i t i a t e  t h e  d e c a y  p r o c e s s .  T h e  
i m p o r t a n c e  o f  s o l u b l e  n u t r i e n t s  o n  d e c a y  o f  w o o d  i n  s o i l  h a s  
b e e n  d e m o n s t r a t e d  b y  K i n g  e j t  a l _  ( 1 9 8 1 ) .  T h e s e  a u t h o r s  n o t e d  
t h a t  w o o d  i n  s o i l ,  e s p e c i a l l y  w o o d  w i t h  h i g h  s o l u b l e  n u t r i e n t  
s u r f a c e s ,  s t i m u l a t e d  s o i l  a g g r e g a t e  f o r m a t i o n ,  i n d i c a t i v e  o f  a  
l a r g e  m i c r o b i a l  p r e s e n c e  a t  t h e  w o o d  -  s o i l  i n t e r f a c e ,  a n d  t h a t  
m y c e l i a l  i n t e g r i t y  w a s  m a i n t a i n e d  b e t w e e n  s o i l  p e d s  a n d  
d e c o m p o s i n g  w o o d .
P r e l i m i n a r y  e x p e r i m e n t s  h a d  s h o w n  t h a t  d i r e c t i o n a l  
g r o w t h  w a s  d e m o n s t r a t e d  b y  C h a e t o m i u m  g l o b o s u m  K u n z e  t o w a r d s  
w o o d  i n  p u r e  c u l t u r e .  I n  v i e w  o f  t h i s  a n d  o f  t h e  c h e m o t a c t i c  
b e h a v i o u r  d e m o n s t r a t e d  b y  b a c t e r i a ,  e s p e c i a l l y  t h o s e  r e s n o n s e s  
s h o w n  b y  s o i l  i n h a b i t i n g  R h i z o b i u m  s p p .  t o  r o o t  e x u d a t e  
c o m p o n e n t s ,  a n d  a l s o  t h e  e f f e c t s  t h a t  r o o t  v o l a t i l e s  e x e r t  o n  
g r o w t h  p a t t e r n s  o f  m y c o r r h i z a l  f u n g i  n o t e d  f r o m  t h e  l i t e r a t u r e ,  
i t  w a s  h y p o t h e s i s e d  t h a t  f a r  f r o m  b e i n g  i n e r t  a n d  p a s s i v e ,  w o o d  
v o l a t i l e s  a n d  n u t r i e n t s  e x e r t  c o n s i d e r a b l e  m o d i f y i n g  i n f l u e n c e s  
o n  b e h a v i o u r a l  p a t t e r n s  o f  s o i l  m i c r o o r g a n i s m s .  I t  w a s  a l s o  
h y p o t h e s i s e d  t h a t  t h e s e  e f f e c t s  a r e  n o t  r e s t r i c t e d  t o  t h o s e  
o r g a n i s m s  a t  t h e  w o o d  -  s o i l  i n t e r f a c e ,  b u t  a l s o  o n  t h o s e  a t  
s o m e  d i s t a n c e  i n t o  t h e  s o i l ,  l e a d i n g  t o  t h e  d e v e l o p m e n t  o f  s o i l  
a g g r e g a t e  f o r m a t i o n  a t  t h e  w o o d  -  s o i l  i n t e r f a c e  a n d  a s s o c i a t e d  
c o n t i n u a l  n i t r o g e n  i n p u t  t o  t h e  d e c o m p o s i n g  w o o d ,  n o t e d  b y  
K i n g ,  S m i t h  &  B r u c e  ( 1 9 8 0 ) .
T h i s  t h e s i s  e x a m i n e s  t h e s e  a s p e c t s  u n d e r  t h e  
f o l l o w i n g  h e a d i n g s :
1 .  A n  a s s e s s m e n t  o f  t h e  i n f l u e n c e  o f  w o o d  v o l a t i l e s  
o n  g r o w t h  p a t t e r n s  o f  f u n g i .
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2 .  T h e  e f f e c t s  c o m m o n l y  u s e d  w o o d  p r e s e r v a t i v e s  m a y  
h a v e  o n  v o l a t i l e  i n f l u e n c e s  o n  f u n g a l  g r o w t h ,
3 .  D e t e r m i n a t i o n  o f  b a c t e r i a l  c h e m o t a c t i c  
b e h a v i o u r  t o  w a t e r  s o l u b l e  e x t r a c t s  o f  w o o d ,
4 .  A n a l y s e s  o f  s o i l  n i t r o g e n  c o n t e n t  t o  e s t a b l i s h  
i t s  i n f l u e n c e  o n  r a t e s  o f  d e c a y  o f  w o o d  i n  s o i l ,
5 .  D e t e r m i n a t i o n  o f  m i c r o b i a l  a c t i v i t y  a n d  b i o m a s s  
i n  s o i l  a d j a c e n t  t o  w o o d  d u r i n g  t h e  d e c o m p o s i t i o n  
p r o c e s s  o v e r  a  p e r i o d  o f  t i m e ,
6 .  D e t e r m i n a t i o n  o f  t h e  e f f e c t i v e n e s s  o f  p h y s i c a l  
b a r r i e r s  a t  t h e  g r o u n d l i n e  a s  p r o p h y l a c t i c  
m e a s u r e s  a g a i n s t  d e c a y .
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Chapter 2
Tropic responses of fungi to 
unpreserved and preserved wood.
2 . 1 .  T r o p i c  r e s p o n s e s  o f  f u n g i  t o  w o o d
2 . 1 . 1 .  I n t r o d u c t i o n
T h e  m y c e l i a l  g r o w t h  h a b i t  o f  f u n g i  e n s u r e s  t h a t  t h e  
m a j o r i t y  o f  a e r i a l  h y p h a e  a r e  i n  i n t i m a t e  c o n t a c t  w i t h  a  
g a s e o u s  a t m o s p h e r e ,  a n d  c o m p o u n d s  w h i c h  h a v e  a  v a p o u r  p r e s s u r e  
a t  t e m p e r a t u r e s  s u i t a b l e  f o r  b i o l o g i c a l  a c t i v i t y  a r e  a b l e  t o  
d i f f u s e  t h r o u g h  t h e s e  a t m o s p h e r e s  t o  m e t a b o l i c a l l y  a c t i v e  
o r g a n i s m s .  T h e  e x t e n d e d  c y l i n d r i c a l  n a t u r e  o f  f u n g a l  
v e g e t a t i v e  h y p h a e  c r e a t e s  a  l a r g e  s u r f a c e  a r e a  t o  v o l u m e  r a t i o  
t h r o u g h  w h i c h  g a s e o u s  e x c h a n g e  c a n  b e  e f f e c t i v e l y  c a r r i e d  o u t .  
I t  w a s  n o t e d  b y  F r i e s  ( 1 9 7 3 )  t h a t  m a n y  c o m p o u n d s  w h i c h  a r e  
i n s o l u b l e  i n  w a t e r ,  b u t  a r e  l i p o p h i l i c ,  m a y  b e  t r a n s f e r r e d  f r o m  
s o u r c e  t o  p l a s m a  m e m b r a n e s  o f  c e l l s  b y  t h e  m e c h a n i s m s  o f  
d i f f u s i o n  i n  t h e  g a s  p h a s e .
I t  h a s  b e e n  r e a l i s e d  f o r  m a n y  y e a r s  t h a t  v o l a t i l e  
s u b s t a n c e s  e f f e c t  t h e  g r o w t h  o f  f u n g i .  M e i s s e l  ( 1 9 ^ 3 )  a n d  
E e i s s e l  &  T r o f i m o v a  ( 1 9 ^ 6 )  d e m o n s t r a t e d  t h a t  t h e  f u n g u s  
E n d o m y c e s  m a g n u s i i ,  a  t h i a m i n e  a u x o t r o p h ,  c o u l d  o b t a i n  
t h i a z o l e ,  a n  e s s e n t i a l  p r e c u r s o r  f o r  t h i a m i n e ,  t h r o u g h  t h e  g a s  
p h a s e  a n d  t h e r e b y  p r o m o t e  g r o w t h .  T h i a z o l e  i s  p r o d u c e d  b y  a  
n u m b e r  o f  f u n g i ,  i n c l u d i n g  y e a s t s ,  w h i c h  c o u l d  a c t  a s  a  s o u r c e  
o f  t h i s  e s s e n t i a l  m e t a b o l i t e  d u r i n g  t h e  d e v e l o p m e n t  a n d  g r o w t h  
o f  E n d o m y c e s .
S u o l h a t i  ( 1 9 5 1 )  s h o w e d  t h a t  w o o d ,  e s p e c i a l l y  a i r  a n d  
h e a t  d r i e d  w o o d ,  w h e n  s u s p e n d e d  i n  t h e  a i r  a b o v e  a  g r o w i n g  
f u n g a l  c u l t u r e  i n  E r l e n m e y e r  f l a s k s ,  s t i m u l a t e d  a e r i a l  h y p h a l
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p r o d u c t i o n  a n d  e x t e n s i o n .  H e  n o t e d  t h a t  n o t  a l l  f u n g a l  s p e c i e s  
t e s t e d  r e s p o n d e d  p o s i t i v e l y ,  b u t  t h a t  m a n y  w o o d  d e c a y  f u n g i  
w e r e  p a r t i c u l a r l y  r e s p o n s i v e .  F r o m  f u r t h e r  i n v e s t i g a t i o n s  h e  
c o n c l u d e d  t h a t  t h e  a c t i v e  v o l a t i l e s  e v a p o r a t i n g  f r o m  t h e  w o o d  
p r o b a b l y  d e r i v e d  f r o m  u n s a t u r a t e d  f a t t y  a c i d s .
F r i e s  (  i 9 6 0 )  i n v e s t i g a t e d  t h e  e f f e c t  o f  n o n a n o i c  a c i d  
a n d  n o n a n a l ,  f o r m e d  a s  a u t o x i d a t i o n  b r e a k d o w n  p r o d u c t s  o f  t h e  
u n s a t u r a t e d  f a t t y  a c i d  o l e i c  a c i d  k n o w n  t o  b e  p r e s e n t  i n  w o o d ,  
o n  f o u r  w o o d  d e c o m p o s i n g  f u n g i :  S t e r e u m  s a n g u i n o l e n t u m ,
D a e d a l e a  u n i c o l o r ,  P o l y p o r u s  c e r v i n u s  a n d  P o l y p o r u s  a p p l a n a t u s .  
T h e  t e s t  s u b s t a n c e s  w e r e  e i t h e r  a d d e d  t o  l i q u i d  n u t r i e n t  
m e d i u m  i n o c u l a t e d  w i t h  t h e  f u n g u s  a n d  g r o w t h  m e a s u r e d  a s  d r y  
m a s s  p r o d u c t i o n ,  o r  i n  t h e  g a s  p h a s e .  I n  t h e  g a s  p h a s e  
e x p e r i m e n t  a  q u a n t i t y  o f  t h e  s u b s t a n c e  i n  a  s m a l l  a l u m i n i u m  
c o n t a i n e r  w a s  p l a c e d  a t  t h e  p e r i p h e r y  o f  a  p e t r i  d i s h  i n  w h i c h  
t h e  f u n g u s  w a s  c e n t r a l l y  i n o c u l a t e d  o n t o  a  s o l i d  n u t r i e n t  a g a r .  
I n  a l l  c a s e s  n o n a n o i c  a c i d  h a d  n o  e f f e c t  o n  g r o w t h .  N o n a n a l  
s t i m u l a t e d  g r o w t h  o f  S t e r e u m  s a n g u i n o l e n t u m  i n  l i q u i d  c u l t u r e  
m a i n l y  b y  t h e  s t i m u l a t e d  g r o w t h  o f  a e r i a l  h y p h a e .  I n  t h e  g a s  
p h a s e  nonanal s t i m u l a t e d  a l l  f o u r  f u n g i ,  e i t h e r  b y  i n c r e a s i n g  
t h e i r  r a t e s  o f  g r o w t h  o r  i n c r e a s e d  p r o d u c t i o n  o f  a e r i a l  h y p h a e .
F u r t h e r  w o r k  b y  F r i e s  ( 1 9 & 1 )  d e m o n s t r a t e d  t h a t  n o n a n a l  
s t i m u l a t e d  a e r i a l  h y p h a l  d e v e l o p m e n t  o f  s e v e r a l  o t h e r  
h y m e n o m y c e t e s  w h e n  d e l i v e r e d  i n  t h e  g a s  p h a s e .  O t h e r  
h o m o l o g o u s  a l d e h y d e s  w e r e  t e s t e d ,  o f  w h i c h  h e p t a n a l  w a s  a s  
a c t i v e  a s  n o n a n a l ,  t h e n  d e c r e a s i n g  s e q u e n t i a l l y  i n  e f f e c t  f r o m  
o c t a n a l ,  h e x a n a l  a n d  p e n t a n a l ;  t h e  h i g h e r  h o m o l o g u e s ,  d e c a n a l  
a n d  u n d e c a n a l  c a u s e d  e i t h e r  s t i m u l a t i o n  o r  i n h i b i t i o n  d e p e n d i n g
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o n  t h e i r  c o n c e n t r a t i o n s .  I n t e r e s t i n g l y ,  F r i e s  n o t e d  t h a t  
P o l y p o r u s  a p p l a n a t u s  d e m o n s t r a t e d  p r e f e r e n t i a l  g r o w t h  o n  t h e  
s i d e  o f  t h e  c o l o n y  t o w a r d s  t h e  c u p  c o n t a i n i n g  t h e  n o n a n a l .
G l a s a r e  ( 1 9 7 0 )  i n v e s t i g a t e d  v o l a t i l e s  i n  e x t r a c t s  o f  
P i n u s  s y j v e s t r i s  h e a t e d  f o r  2 5  h o u r s  a t  1 1 0 ° C  a n d  t h e  r e s u l t s  
s h o w e d  t h e  p r e s e n c e  o f  s e v e r a l  u n s a t u r a t e d  f a t t y  a c i d s .  H e  
e x p o s e d  S t e r e u m  s a n g u i n o l e n t u m  t o  a  s e r i e s  o f  a c i d s ,  i n c l u d i n g  
t h o s e  i d e n t i f i e d  a s  b e i n g  p r e s e n t  i n  h e a t e d  p i n e  i n  g a s  a n d  
l i q u i d  p h a s e s  e m p l o y i n g  t h e  m e t h o d s  o f  F r i e s  ( 1 9 6 1 , 0£ .  c i t . ) ;  
t h o s e  a c i d s  w h i c h  h a d  b e t w e e n  k  a n d  9 c a r b o n s  s t i m u l a t e d  
g r o w t h .  G l a s a r e  a l s o  a t t a c h e d  p i e c e s  o f  h e a t  t r e a t e d  p i n e  t o  
t h e  l i d s  o f  p e t r i  d i s h e s  c o n t a i n i n g  g r o w i n g  c o l o n i e s  o f  '\k w o o d  
d e c a y  f u n g i .  T h e  p r e s e n c e  o f  w o o d  s t i m u l a t e d  t h e  g r o w t h  o f  1 2  
o f  t h e  f u n g i  t e s t e d ,  i n c l u d i n g  t w o  a s c o m y c e t e s ,  C h a e t o m i u m  
f u n i c o l o r  a n d  C e r a t o c y s t i s  m i n o r .  A  n o n - a c i d i c  f r a c t i o n  o f  
t h e  w o o d  e x t r a c t  w a s  a l s o  s h o w n  t o  b e  a c t i v e  c a u s i n g  
m o r p h o l o g i c a l  c h a n g e s  i n  c u l t u r e s  o f  C o n i o p h o r a  c e r e b e l l a .
R i c e  ( 1 9 7 0 )  i n v e s t i g a t e d  t h e  e f f e c t s  o f  g r e e n  a n d  
h e a t  d r i e d  r e d  p i n e  s a p w o o d ,  P i n u s  r e s i n o s a , a n d  w o o d  v o l a t i l e  
c o m p o n e n t s  o n  t h e  g r o w t h  o f  F o m e s  a n n o s u s .  T e s t s  w e r e  c a r r i e d  
o u t  b y  s u s p e n d i n g  e i t h e r  w o o d  b l o c k s  o r  g l a s s  f i b r e  s o a k e d  
w i t h  t e s t  s u b s t a n c e s  o v e r  f l o a t  c u l t u r e s  o f  t h e  f u n g u s  o n  
n u t r i e n t  m e d i u m  i n  E r l e n m e y e r  f l a s k s  p l u g g e d  w i t h  c o t t o n  w o o l .  
T h e  m y c e l i a l  m a t  w a s  r e m o v e d  a f t e r  1 2  d a y  i n c u b a t i o n  i n  t h e  
d a r k  a t  2 ^ ° C ,  d r i e d  t o  c o n s t a n t  m a s s  a n d  w e i g h e d .  R i c e  n o t e d  
t h a t  F o m e s  a n n o s u s  r e s p o n d e d  t o  b o t h  g r e e n  a n d  h e a t  t r e a t e d  
s a p w o o d  b y  i n c r e a s e d  p r o d u c t i o n  o f  a e r i a l  h y p h a e .  W o o d  
p r e t r e a t e d  w i t h  s u b s t a n c e s  w h i c h  i n c r e a s e d  o x i d a t i o n  o f
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f a t t y  a c i d s  i n d u c e d  g r e a t e r  s t i m u l a t i o n ,  w h i l s t  t h o s e  b l o c k s  
i m p r e g n a t e d  w i t h  a n  o x i d a t i o n  i n h i b i t o r  e f f e c t e d  l e s s  
s t i m u l a t i o n .  F o m e s  w a s  n o t  r e s p o n s i v e  t o  a n y  o f  t h e  a l d e h y d e s  
t e s t e d  a n d  h e  c o n c l u d e d  t h a t  e i t h e r  a n  u n i d e n t i f i e d  
n o n - a l d e h y d e  o r  a n  a s  y e t  u n t e s t e d  a l d e h y d e  w a s  r e s p o n s i b l e  f o r  
t h e  i n c r e a s e s  i n  a e r i a l  h y p h a l  p r o d u c t i o n .  R i c e  a l s o  f o u n d  t h a t  
t h e r e  w e r e  n o  i n d i c a t i o n s  w h i c h  s h o w e d  t h a t  t h e  v o l a t i l e s  a c t e d  
a s  c a r b o n  o r  n i t r o g e n  n u t r i e n t  s o u r c e s ,  b u t  f u n c t i o n e d  b y  
s t i m u l a t i n g  t h e  f u n g u s  t o  u t i l i s e  e x i s t i n g  n u t r i e n t  s o u r c e s  i n  
g r e a t e r  p r o d u c t i o n  o f  a e r i a l  h y p h a e .  R i c e  t e s t e d  o t h e r  
h a r d w o o d s  t o  d e t e r m i n e  i f  a n y  i n d u c e d  s t i m u l a t i o n  i n  g r o w t h .  O f  
t h o s e  t e s t e d ,  P o p u l u s  t r e m u l o i d e s ,  Q u e r c u s  r u b r a ,  B e t u l u s  
p a p y r i f e r a  a n d  J u g l a n s  n i g r a  i n i t i a t e d  a  v e r y  a c t i v e  r e s p o n s e  
a n d  A c e r  s a c c h a n u m  w a s  s o m e w h a t  l e s s  e f f e c t i v e .
I n  q u a n t i t a t i v e  t e r m s ,  v o l a t i l e s  o f  g r e a t e s t  
i m p o r t a n c e  w h i c h  e v a p o r a t e  f r o m  g r e e n  w o o d  a r e  t h e  t e r p e n e s ,  
o t h e r  c o m p o u n d s  b e i n g  p r e s e n t  i n  o n l y  t r a c e  a m o u n t s  ( R i c e ,  1 9 7 0 ;  
F l o d i n  &  A n d e r s s o n ,  1 9 7 7 )  • T e r p e n e  c o m p o u n d s  a r e  g e n e r a l l y  
p r o d u c e d  b y  p l a n t s  a n d  a r e  c h a r a c t e r i s e d  b y  c a r b o n  s k e l e t o n s  
c o n s t r u c t e d  f r o m  i s o p r e n e  u n i t s .  D i f f e r e n t  t e r p e n e s  w i l l  
t h e r e f o r e  o c c u r  w i t h  t h e i r  c a r b o n  s k e l e t o n s  v a r y i n g  i n  
m u l t i p l e s  o f  f i v e ,  e . g .  m o n o t e r p e n e s  C ^ ,  s e s q u i t e r p e n e s  
a n d  d i t e r p e n e s  C ^ q .  M o n o  a n d  s e s q u i t e r p e n e s  a r e  c o m m o n  
c o n s t i t u e n t s  o f  p l a n t  o i l s ,  e . g .  e u c a l y p t u s  o i l  ( C ^ , _ ) ,  c e l e r y  
o i l  ( C ^ )  a n d  v a r i o u s  f l o w e r  o i l s  ( C ^ )  p i n e n e  ( C ^ )  b e i n g  t h e  
m a i n  c o n s t i t u e n t  o f  t u r p e n t i n e  o i l  s e c r e t e d  b y  c o n i f e r s .  M a n y  
w o r k e r s  h a v e  s t u d i e d  t h e  e f f e c t s  o f  t e r p e n e s  o n  f u n g a l  g r o w t h  
( H i n t i k k a ,  1 9 7 0 ;  M e l i n  8c K r u p a ,  1 9 7 1 ;  D e G r o o t ,  1 9 7 2 ;  K r u p a  &
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N y l u n d ,  1 9 7 2 ;  F r i e s ,  1 9 7 3 ;  F l o d i n ,  1 9 7 9 ) i  w i t h  a  l a r g e  d e g r e e  
o f  v a r i a b i l i t y  i n  r e s p o n s e s  o b s e r v e d .
H i n t i k k a  ( 1 9 7 0 )  t e s t e d  t e r p e n e  t o l e r a n c e  o f  1 6  
s p e c i e s  o f  h y m e n o m y c e t e s  w h i c h  n a t u r a l l y  o c c u r  i n  c o n i f e r o u s  
w o o d  a n d  o f  2 2  s p e c i e s  w h i c h  o c c u r  i n  d e c i d u o u s  w o o d .  T h i s  w a s  
d o n e  b y  e x p o s i n g  g r o w i n g  c u l t u r e s  o f  t h e  o r g a n i s m  t o  s a t u r a t e d  
a t m o s p h e r e s  o f  i n d i v i d u a l  t e r p e n e s .  S h e  s h o w e d  t h a t  m o s t  o f  t h e  
f u n g i  f r o m  c o n i f e r o u s  h a b i t a t  w e r e  t o l e r a n t  o f  s a t u r a t e d  
a t m o s p h e r e s  o f  t e r p e n e s ,  w h e r e a s  f u n g i  f r o m  d e c i d u o u s  h a b i t a t  
w e r e  i n h i b i t e d .  T h e  p r e s e n c e  o f  t e r p e n e s  i n  w o o d  m a y ,  t h e r e f o r e ,  
h a v e  a  s e l e c t i v e  e f f e c t  o n  o r g a n i s m s  w i s h i n g  t o  i n v a d e  w o o d .  
M e l i n  &  K r u p a  ( 1 9 7 1 )  d e m o n s t r a t e d  t h a t  a l l  t h e  t e r p e n e s  t e s t e d  
w h e n  d e l i v e r e d  i n  t h e  g a s  p h a s e  i n  t h e  s a t u r a t e d  a t m o s p h e r e  o f  
a  s e a l e d  p e t r i  d i s h  i n h i b i t e d  e x t e n s i o n  g r o w t h  o f  t h e  t w o  
m y c o r r h i z a l  f u n g i  B o l e t u s  v a r i e g a t u s  a n d  R h i z o p o g o n  r o s e o l u s .
I n  a  s i m i l a r  e x p e r i m e n t  K r u p a  &  N y l u n d  ( 1 9 7 2 )  s h o w e d  t h a t  
t e r p e n e s  i n h i b i t e d  t h e  g r o w t h  e x t e n s i o n  o f  t w o  r o o t  p a t h o g e n i c  
f u n g i  P h y t o p h t h o r a  c i n n a m o n i  a n d  F o m e s  a n n o s u s  a l t h o u g h  t h e r e  
w a s  a  g r e a t  d i s p a r i t y  i n  t h e  s e v e r i t y  o f  i n h i b i t i o n  c a u s e d  b y  
i n d i v i d u a l  t e r p e n e s  b e t w e e n  t h e  t w o  o r g a n i s m s .
I n  c o n t r a s t  t o  t h i s  F r i e s  ( 1 9 7 3 )  n o t  o n l y  m e a s u r e d  
l i n e a r  e x t e n s i o n  o f  h y p h a e  b u t  a l s o  t h e  d r y  m a t t e r  p r o d u c t i o n  
o f  f u n g i  e x p o s e d  t o  t e r p e n e s .  T h e  m e t h o d  u s e d  w a s  s i m i l a r  t o  
o t h e r  w o r k e r s  ( G l a s a r e ,  1 9 7 0 ;  M e l i n  &  K r u p a ,  1 9 7 1 ;  K r u p a  &
N y l u n d ,  1 9 7 2 ) ,  i n  w h i c h  a  c u p  c o n t a i n i n g  t h e  t e s t  s u b s t a n c e  w a s  
i n t r o d u c e d  i n t o  a  p e t r i  d i s h  c o n t a i n i n g  a  g r o w i n g  c u l t u r e  o f  
t h e  f u n g u s ,  t h e  d i s h  t h e n  b e i n g  s e a l e d .  F r i e s  s h o w e d  t h a t  
l i n e a r  g r o w t h  i n  m o s t  c a s e s  w a s  i n h i b i t e d ;  s o m e  f u n g i ,  h o w e v e r ,
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w e r e  s t i m u l a t e d  b y  t e r p e n e  p r e s e n c e ,  n o t  o n l y  i n  l i n e a r  t e r m s  
b u t  a l s o  b y  i n c r e a s e d  p r o d u c t i o n  o f  d r y  m a s s .  F l o d i n  ( 1 9 7 9 )  
r e p o r t e d  t h a t  d r y  m a t t e r  p r o d u c t i o n  o f  F o m e s  a n n o s u s  w a s  
i n h i b i t e d  i n  t h e  p r e s e n c e  o f  t h r e e  t e r p e n e s  c o m m o n l y  f o u n d  i n  
c o n i f e r o u s  w o o d ,  a n d  p i n e n e  a n d  3 - c a r e n e ,  w h e r e a s  t h e  
p r o d u c t i o n  o f  e n z y m e s  b y  t h e  o r g a n i s m  w a s  s t i m u l a t e d .
T e r p e n e s  h a v e  i n  g e n e r a l  t h e n  b e e n  f o u n d  t o  i n h i b i t  
f u n g a l  g r o w t h  ( C o b b  e _ t .  a l . ,  1 9 6 8 ;  H i n t i k k a ,  1 9 7 0 ;  D e G r o o t ,
1 9 7 2 ;  F l o d i n  &  F r i e s ,  1 9 7 8 ;  F l o d i n ,  1 9 7 9 ) *  T h e r e  a r e ,  h o w e v e r ,  
r e p o r t s  w h i c h  d e m o n s t r a t e  s t i m u l a t o r y  a c t i v i t y  o f  t e r p e n e s  
( R i c e ,  1 9 7 0 ;  F r i e s ,  1 9 7 3 ) *  T h e  m a j o r  c o m p o n e n t  v o l a t i l e s  o f  
f r e s h  P i n u s  s y l v e s t r i s  L .  s a p w o o d  a r e  m o n o t e r p e n e s , w i t h  
p i n e n e  a n d  3 - c a r e n e  q u a n t i t a t i v e l y  t h e  m o s t  i m p o r t a n t  ( F l o d i n  
&  A n d e r s s o n ,  1 9 7 7 ) •  H e a t  t r e a t e d  w o o d  s h o w e d  a  m a r k e d  d e c r e a s e  
i n  t h e  a m o u n t  o f  t e r p e n e s  v o l a t i l i s i n g  f r o m  t h e  w o o d  w i t h  a  
d e c r e a s e  o f  9 9 % c o m p a r e d  w i t h  g r e e n  w o o d .  A u t o x i d a t i o n  p r o d u c t s  
s u c h  a s  l o w  m o l e c u l a r  m a s s  a l d e h y d e s ,  e . g .  h e x a n a l ,  a n d  k e t o n e s  
e . g .  f u r f u r a l ,  w e r e  m u c h  m o r e  p r e v a l e n t  i n  t h e  h e a t e d  w o o d ,  b e i n g  
i n  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n s .  B o t h  t h e s e  p r o d u c t s  h a v e  
b e e n  s h o w n  t o  h a v e  p h y t o a c t i v e  e f f e c t s  o n  f u n g a l  p r o p a g u l e s ;  
h e x a n a l  h a v i n g  b e e n  s h o w n  t o  s t i m u l a t e  g r o w t h  o f  S t e r e u m  s a n -  
g u i n o l e n t u m  ( F l o d i n  &  F r i e s ,  1 9 7 8 )  a n d  f u r f u r a l  t o  s t i m u l a t e  
s p o r e  g e r m i n a t i o n  i n  N e u r o s p o r a  c r a s s a  ( E m e r s o n ,  1 9 ^ 8 ) .
K i n g  &  W a i t e  ( 1 9 7 9 )  d e m o n s t r a t e d ,  i n  p u r e  c u l t u r e  
e x p e r i m e n t s ,  t h a t  s e v e r a l  w o o d  d e c a y  f u n g i  i n c r e a s e  t h e  n i t r o g e n  
c o n t e n t  o f  w o o d  b l o c k s  d u r i n g  t h e  d e c a y  p r o c e s s .  T h e  s o f t  r o t  
f u n g u s  C h a e t o m i u m  g l o b o s u m  w a s  s e e n  t o  m a i n t a i n  m y c e l i a l  
i n t e g r i t y  b e t w e e n  w o o d  b l o c k s  a n d  i n o c u l a  f o r  t h e  d u r a t i o n  o f
21
t h e  9  w e e k  e x p e r i m e n t .  I n t e r e s t i n g l y ,  i t  w a s  n o t e d  t h a t  a e r i a l  
h y p h a e  o f  C h a e t o m i u m  g l o b o s u m  s h o w e d  p r e f e r e n t i a l  d e v e l o p m e n t  
o n  t h e  s i d e  o f  t h e  i n o c u l a  n e a r e s t  t o  t h e  b l o c k .  I n  s o f t  r o t  
s t u d i e s  u s i n g  b l o c k s  b u r i e d  i n  s o i l ,  W a i t e  &  K i n g  ( 1 9 7 9 )  a g a i n  
s h o w e d  n i t r o g e n  i n c r e a s e s  i n  b l o c k s  d u r i n g  t h e  d e c a y  p e r i o d ,  
b u t  o n  r e m o v a l  o f  w o o d  b l o c k s  f r o m  s o i l  i t  w a s  n o t e d  t h a t  
d e c a y i n g  b l o c k s  h a d  a  c o v e r i n g  o f  a d h e r i n g  s o i l  r a m i f i e d  w i t h  
f i n e  h y p h a l  s t r a n d s .  T h o s e  o b s e r v a t i o n s  l e d  K i n g ,  S m i t h  &  B r u c e  
( 1 9 8 0 )  t o  p o s t u l a t e  t h a t  d u r i n g  s o f t  r o t  d e c a y  o f  w o o d  i n  s o i l  
b i o t i c  c o n n e c t i o n s  b e t w e e n  w o o d  a n d  s o i l  a r e  m a i n t a i n e d ,  a n d  
t h a t  w o o d  m a y  i n f l u e n c e  t h e  d i r e c t i o n  o f  h y p h a l  o r i e n t a t i o n .
O r i e n t a t i o n  o r  d i r e c t i o n a l  g r o w t h  o f  f u n g a l  h y p h a e  
h a s n o t  r e c e i v e d  m u c h  c o m m e n t  i n  t h e  p a s t .  A  g r e a t  d e a l  o f  w o r k  
h a s  b e e n  u n d e r t a k e n  o n  o v e r a l l  g r o w t h  s t i m u l a t i o n  o r  i n h i b i t i o n  
b y  w o o d  v o l a t i l e s ,  b u t  a m o n g s t  t h e s e  w o r k e r s  o n l y  F r i e s  
( 1 9 6 1 , 0£ .  c i t . )  a n d  R i c e  ( 1 9 7 0 *  _ o £ .  c i t . )  n o t e d  g r o w t h  i n  t h e  
d i r e c t i o n  o f  t h e  s o u r c e  o f  t h e  v o l a t i l e s .  F r i e s  o b s e r v e d  a  
s t r o n g  o r i e n t a t i o n  o f  g r o w t h  b y  P o l y p o r u s  a p p l a n a t u s  t o w a r d s  
t h e  c u p  c o n t a i n i n g  t h e  t e s t  s u b s t a n c e ,  a n d  R i c e ,  u s i n g  
F o m e s  a n n o s u s , c o n c l u d e d  t h a t  s t i m u l a t i o n  o f  g r o w t h  i n c r e a s e d  
' a l o n g  t h e  c o n c e n t r a t i o n  g r a d i e n t  t o w a r d s  t h e  s o u r c e  o f  t h e  
a c t i v e  v o l a t i l e s ' .
H r i b  &  R y p a c e k  ( 1 9 7 7 )  u s i n g  c a l l u s  t i s s u e  o f  P i c e a  
e x c e l s a  a s  t h e  b a i t  d e m o n s t r a t e d  n e g a t i v e  c h e m o t r o p i c  
b e h a v i o u r  i n  t h e  r h i z o m o r p h  d e v e l o p m e n t  o f  P o r l a  v a i l l a n t i i .  
I n o c u l a  o f  t h e  f u n g u s  w e r e  p l a c e d  i n  t h e  c e n t r e  o f  p e t r i  
d i s h e s  w i t h  s p r u c e  c a l l u s  t i s s u e  3 0 m m  f r o m  t h e  i n o c u l a .  A f t e r  
2  -  3  d a y s ,  t h e  i n o c u l a  d e m o n s t r a t e d  f i n e  h y p h a l  d e v e l o p m e n t
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e q u a l l y  d i s t r i b u t e d  a r o u n d  t h e  i n o c u l a .  L a t e r ,  h o w e v e r ,  
i n i t i a t i o n  o f  d e n s e  b u n d l e s  o f  a e r i a l  h y p h a e  o c c u r r e d  w h i c h  
g r e w  i n  a  d i r e c t i o n  4 5 °  -  9 0 °  c l o c k w i s e  f r o m  t h e  d i r e c t i o n  o f  
t h e  c a l l u s ;  t h e y  t e r m e d  t h i s  o r i e n t e d  g r o w t h  ’ r i g h t  h a n d e d  
n e g a t i v e  c h e m o t r o p i s m ' •
T h e  c o n t i n u a l  i n p u t  o f  n i t r o g e n  t o  w o o d  i n  s o i l  
o b s e r v e d  b y  K i n g  e t .  a l .  ( 1 9 8 0 ) ,  i f  d u e  t o  m i c r o b i a l  b i o m a s s  
t r a n s f e r ,  s u g g e s t s  a  m o v e m e n t  o f  m i c r o o r g a n i s m s  f r o m  s o i l  t o  
w o o d  o v e r  a n  e x t e n d e d  t i m e  p e r i o d .  A  r a n d o m  c o i n c i d e n c e  o f  
m i c r o o r g a n i s m s  w i t h  t h e  w o o d  s u r f a c e  f o l l o w e d  b y  c o l o n i s a t i o n  
o f  t h e  w o o d ,  u s i n g  w o o d  n u t r i e n t s  f o r  g r o w t h  a n d  d e v e l o p m e n t  
w o u l d  c a u s e  a n  i n i t i a l  i n c r e a s e  o f  n i t r o g e n  i n  t h e  w o o d  d u r i n g  
e a r l y  d e c a y  s t a g e s ,  b u t  l i m i t e d  i n c r e a s e s  l a t e r  o n .
I n  v i e w  o f  t h e  m a r k e d  e f f e c t s  w o o d  v o l a t i l e s  h a v e  
o n  g r o w t h  o f  n u m e r o u s  f u n g i  i n  t e r m s  o f  i n h i b i t i o n  o r  
s t i m u l a t i o n ,  a n d  t h e  o b s e r v a t i o n s  o f  F r i e s  ( 1 9 6 1 ) ,  R i c e  ( 1 9 7 0 )  
a n d  H r i b  &  R y p a c e k  ( 1 9 7 7 )  t h a t  d i r e c t i o n a l  g r o w t h  h a d  o c c u r r e d  
o n  o c c a s i o n s ,  a n  i n v e s t i g a t i o n  w a s  u n d e r t a k e n ,  d e s i g n e d  t o  
d e t e r m i n e  i f  d i r e c t i o n a l  g r o w t h  w a s  p a r t  o f  t h e  b e h a v i o u r a l  
r e p e r t o i r e  o f  w o o d  i n v a d i n g  m i c r o o r g a n i s m s .
A s  i t  h a d  b e e n  d e m o n s t r a t e d  t h a t  d r i e d ,  r a t h e r  t h a n  
f r e s h ,  w o o d  e l i c i t e d  g r e a t e r  r e s p o n s e s  f r o m  f u n g i  ( S u o l h a t i ,  
1 9 5 1 ) »  a n d  c o n s i d e r a b l e  c h a n g e s  o c c u r r e d  i n  v o l a t i l e  c o m p o s i t i o n  
e v a p o r a t i n g  f r o m  w o o d  a f t e r  h e a t  d r y i n g  ( F l o d i n  &  A n d e r s s o n ,  
1 9 7 7 ) i  i t  w a s  d e c i d e d  t o  i n v e s t i g a t e  t h e  e f f e c t  v a r i o u s  d r y i n g  
r e g i m e s  m i g h t  e x e r t  o n  a n y  d i r e c t i o n a l  r e s p o n s e s  p r o d u c e d  b y  
f u n g i .
S u p p l e m e n t a r y  e x p e r i m e n t s  w e r e  u n d e r t a k e n :
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1 .  T o  d e t e r m i n e  d i s t a n c e s  o v e r  w h i c h  c h e m o t r o p i c  
r e s p o n s e s  c o u l d  b e  e l i c i t e d  i f  t h e s e  o c c u r r e d .
2 .  T o  d e t e r m i n e  a n y  e f f e c t  s t e r i l i s i n g  t h e  b l o c k s  
b y  a u t o c l a v i n g  ( 1 2 1 ° C .  2 0  m i n u t e s )  m i g h t  h a v e  o n  
g r o w t h  r e s p o n s e s .
2 . 1 . 2 .  M a t e r i a l  a n d  m e t h o d s
2 . 1 . 2 . 1 .  P r e p a r a t i o n  o f  w o o d  b l o c k s
F r e s h l y  f e l l e d ,  q u a r t e r s a w n  p l a n k s  o f  t w o  w o o d  
s p e c i e s  P i n u s  s y l v e s t r i s  L .  a n d  T i l i a  v u l g a r i s  H a y n e  w e r e  
e i t h e r  s t o r e d  i n  p o l y t h e n e  b a g s  a t  - 1 8 ° C  o r  d r i e d  i n  a  f a n  
o v e n  a t  4 0 ° C  t o  1 2 %  m o i s t u r e  c o n t e n t  b e f o r e  b e i n g  s t o r e d  i n  a  
v e n t i l a t e d  c a b i n e t  u n d e r  a m b i e n t  r o o m  c o n d i t i o n s  f o r  p e r i o d s  
o f  n o t  l e s s  t h a n  6  m o n t h s .  B l o c k s  m e a s u r i n g  1 0  x  1 0  x  
p r e p a r e d  f r o m  t h e  s a p w o o d  o f  b o t h  f r e s h  a n d  d r i e d  w o o d ,  w e r e  
c u t  s o  t h a t  1 0  x  5 m m  f a c e s  w e r e  i n  t a n g e n t i a l ,  l o n g i t u d i n a l  a n d  
t r a n s v e r s e  p l a n e s  r e s p e c t i v e l y ,  a n d  t h e  1 0  x  1 0 m m  f a c e s  w e r e  i n  
r a d i a l  l o n g i t u d i n a l  s e c t i o n .  H a l f  t h e  f r e s h  b l o c k s  a n d  h a l f  
t h e  b l o c k s  d r i e d  a t  kO °c  w e r e  f u r t h e r  h e a t e d  i n  a n  o v e n  a t  
1 0 2 ° C  f o r  1 2  h o u r s ,  g i v i n g  f o u r  t r e a t m e n t s  f o r  b o t h  w o o d  
s p e c i e s : -  f r e s h  b l o c k s ;  f r e s h  b l o c k s  h e a t  t r e a t e d  a t  1 0 2 ° C ;  
b l o c k s  h e a t  t r e a t e d  t o  kO°C a n d  b l o c k s  h e a t  t r e a t e d  a t  kO°C 
t h e n  f u r t h e r  h e a t  t r e a t e d  t o  1 0 2 ° C .
2 . 1 . 2 . 2 .  E x p o s u r e  o f  f u n g i  t o  w o o d
Nine fu n g i  were u s e d : -
1 .  C o r i o l u s  v e r s i c o l o r  ( L .  e x  F r . )  Q u e l .  F P R L  2 8 a .
2 .  S e r p u l a  l a c r y m a n s  ( F r i e s )  K a r s t .  F P R L  1 2 C .
3 .  C o n i o p h o r a  p u t e a n a  ( S c h u m  e x  F r . )  K a r s t  F P R L  1 1 E .
* f .  C h a e t o m i u m  g l o b o s u m  K u n z e  F P R L  7 0 K .
5 .  H u m i c o l a  g r i s e a  T r a e n
6 .  C e r a t o c y s t i s  p i c e a  ( M u n i c h )  B a k s h i  F P R L  3 - 9 ?  5 F .
7 .  P h i a l o p h o r a  m u t a b i l i s
8 .  P h i a l o p h o r a  f a s t i g i a t a  ( L a g e r b e r g  e t  M e l i n )
9 .  T r i c h o d e r m a  v i r i d e  P e r s .  e x  F r .
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T h e y  w e r e  g r o w n  o n  9 0 m m  p e t r i  d i s h e s  c o n t a i n i n g  2 0 c m  m a l t  
e x t r a c t  a g a r  ( O x o i d )  a t  3 %  s t r e n g t h .  T h e  p l a t e s  w e r e  i n o c u l a t e d  
a t  t h e i r  c e n t r e s  w i t h  5 m m  c o r e s  o f  e a c h  o r g a n i s m  a n d  i n c u b a t e d  
a t  2 5 ° C  e x c e p t  f o r  S .  l a c r y m a n s  w h i c h  w a s  i n c u b a t e d  a t  2 2 ° C .  
P l u g s  o f  e a c h  c u l t u r e  (  5 m m  d i a m e t e r  )  w e r e  r e m o v e d  (  u s i n g  a  
s t e r i l e  c o r k  b o r e r  )  f r o m  t h e  m a r g i n s  o f  g r o w i n g  c o l o n i e s  a n d  
t r a n s f e r r e d  t o  5 m m  d i s c s  o f  s t e r i l e  f i l t e r  p a p e r  o n  t h e  s u r f a c e  
o f  C z a p e k  D o x  a g a r  i n  a  p e t r i  d i s h .  A  s u p p o r t  c o n s t r u c t e d  f r o m  
2 m m  d i a m e t e r  p l i a b l e  p l a s t i c  c o a t e d  w i r e  f o r m e d  i n t o  a  Z  s h a p e  
w a s  p o s i t i o n e d  a t  a  d i s t a n c e  o f  1 2 * 5 m m  f r o m  t h e  c e n t r e  o f  e a c h  
i n o c u l u m  ( F i g .  2 . 1 . ) .  T h e  w o o d  b l o c k s  w e r e  p l a c e d  o n  t h e s e  
s u p p o r t s  w i t h  a  1 0  x  1 0 m m  r a d i a l  f a c e  i n  c o n t a c t  w i t h  t h e  
s u p p o r t  a n d  a  1 0  x  5 m m  t r a n s v e r s e  f a c e  t o w a r d s  t h e  i n o c u l u m .
F i v e  r e p l i c a t e  p l a t e s  f o r  e a c h  w o o d  t y p e  a n d  h e a t  t r e a t m e n t  
w e r e  e x p o s e d  t o  e a c h  t e s t  f u n g u s  a n d  i n c u b a t e d  i n  t h e  d a r k  a t  
2 5 ° C ,  e x c e p t  f o r  S .  l a c r y m a n s  p l a t e s  w h i c h  w e r e  i n c u b a t e d  a t  
2 2 ° C .  C o n t r o l s  w e r e  a r r a n g e d  i d e n t i c a l l y ,  e x c e p t  t h a t  b l o c k s
25
o f  m o i s t  s p o n g e  o r  g l a s s  o f  t h e  s a m e  d i m e n s i o n s  r e p l a c e d  t h e  
w o o d  b l o c k .
T w o  s u p p l e m e n t a r y  e x p e r i m e n t s  w e r e  u n d e r t a k e n ,  b o t h  
u s i n g  C ,  g l o b o s u m , c h o s e n  a s  t h e  t e s t  o r g a n i s m  b e c a u s e  o f  t h e  
m a r k e d  g r o w t h  r e s p o n s e s  i t  d e m o n s t r a t e d  i n  t r i a l  e x p e r i m e n t s .
I n  t h e  f i r s t  e x p e r i m e n t ,  l i m e  s a p w o o d  b l o c k s  h e a t  t r e a t e d  a t  
* f O ° C  w e r e  p l a c e d  a  r a n g e  o f  d i s t a n c e s ,  i n c r e a s i n g  i n  5mm 
i n c r e m e n t s ,  f r o m  5 - ^ 0 m m  f r o m  i n o c u l a  t o  d e t e r m i n e  t h e  e f f e c t  o f  
i n c r e a s i n g  d i s t a n c e  o n  g r o w t h  r e s p o n s e s .  S e c o n d l y ,  s a p w o o d  
b l o c k s  o f  l i m e ,  p i n e  a n d  e u c a l y p t u s  ( E u c a l y p t u s  r e g n a n s  M u e l l . )  
w e r e  d r i e d  a t  * f O ° C ,  h a l f  o f  t h e s e  w e r e  t h e n  a u t o c l a v e d  a t  1 2 0 ° C  
f o r  2 0  m i n u t e s .  I n o c u l a  o f  C .  g l o b o s u m  w e r e  e x p o s e d  t o  b o t h  
a u t o c l a v e d  a n d  u n a u t o c l a v e d  b l o c k s  o f  e a c h  w o o d  s p e c i e s  t o  
d e t e r m i n e  a n y  e f f e c t s  s t e r i l i s a t i o n  b y  a u t o c l a v i n g  m i g h t  h a v e  
o n  g r o w t h  r e s p o n s e s .  F i v e  r e p l i c a t e  p l a t e s  w e r e  s e t  u p  i n  
b o t h  e x p e r i m e n t s  f o r  e a c h  v a r i a t i o n  i n  d i s t a n c e  o r  c o m b i n a t i o n  
o f  b l o c k  t r e a t m e n t  a n d  w o o d  t y p e .
2 . 1 . 2 . 3 *  M e a s u r e m e n t  o f  g r o w t h
E i g h t  c o n s e c u t i v e  r a d i a l  m e a s u r e m e n t s ,  -  Y g ,  w e r e  
t a k e n  a t  k 5 °  i n t e r v a l s  i n  a n t i c l o c k w i s e  o r d e r  s t a r t i n g  a t  Y ^  
f r o m  c e n t r e s  o f  i n o c u l a  t o  l i m i t s  o f  h y p h a l  e x t e n s i o n  ( F i g .
2 . 2 . ) .  G r o w t h  w a s  m o n i t o r e d  a n d  m e a s u r e m e n t s  a l w a y s  t a k e n  
p r i o r  t o  e s t a b l i s h m e n t  o f  a n y  h y p h a l  c o n t a c t  w i t h  t h e  b l o c k  i f  
t h i s  w a s  a b o u t  t o  o c c u r .  T i m e s  a t  w h i c h  m e a s u r e m e n t s  w e r e  
m a d e  v a r i e d  d u e  t o  g r o w t h  r a t e  d i f f e r e n c e s  b e t w e e n  o r g a n i s m s ,  a n d  
r a n g e d  f r o m  2 5  h o u r s  f o r  T .  v i r i d e  t o  1 2 0  h o u r s  f o r  S .  l a c r y m a n s .
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2 . 1 , 3 .  R e s u l t s  
2 . 1 . 3 . 1 .  G r o w t h  m o d e l
F u n g a l  c o l o n i e s  o n  a g a r  p l a t e s  g e n e r a l l y  g r o w  w i t h  
r a d i a l  s y m m e t r y ,  s u c h  c o l o n y  r a d i i  m e a s u r e d  a t  r e g u l a r  
i n t e r v a l s  w h e n  p l o t t e d  i n  s e q u e n c e  a g a i n s t  m e a s u r e m e n t  
i n t e r v a l s  f o l l o w  s t r a i g h t  l i n e s  p a r a l l e l  t o  X  a x e s .  T h e  r a d i i  
o f  c o l o n i e s  d i s t o r t e d  b y  s t i m u l i  w h e n  s i m i l a r l y  p l o t t e d  
a p p r o x i m a t e l y  d e s c r i b e  a  s i n e  w a v e .  R a d i i  o f  c o l o n i e s  w e r e  
t h e r e f o r e  p l o t t e d  i n  s e q u e n c e  a g a i n s t  m e a s u r e m e n t  i n t e r v a l s  a n d  
t h e  s i n e  w a v e  o f  b e s t  f i t  c a l c u l a t e d  b y  l e a s t  s q u a r e s ;  e x a m p l e s  
f o r  u n s t i m u l a t e d  a n d  s t i m u l a t e d  c o l o n i e s  o f  C .  g l o b o s u m  a r e  
s h o w n  i n  F i g .  2 . 3  ( l ) , ( 2 ) .
S i n e  w a v e s  t h u s  c a l c u l a t e d  w e r e  u s e d  f o r  g r o w t h  
a n a l y s i s  b y  d e s c r i b i n g  t h e m  m a t h e m a t i c a l l y  i n  t h e  f o r m
Y  = y  + q  s i n  ( X + P ) .  y  r e p r e s e n t s  t h e  m e a n  c o l o n y  r a d i u s  a n d  i t s  
m a g n i t u d e  u s e d  a s  a n  i n d i c a t o r  o f  g r o w t h  s t i m u l a t i o n  o r  
i n h i b i t i o n ,  a t  ,  t h e  a m p l i t u d e  o f  t h e  s i n e  w a v e ,  i n d i c a t e s  t h e  
d e g r e e  t o  w h i c h  t h e  c o l o n y  e x h i b i t s  e c c e n t r i c  o r  d i f f e r e n t i a l ,  
r a t h e r  t h a n  c i r c u l a r ,  g r o w t h ,  a n d  P t h e  p h a s e ,  t h e  l o c a t i o n  a t  
w h i c h  t h e  m o d e l  c a l c u l a t e s  w h e r e  m a x i m u m  d i f f e r e n t i a l  g r o w t h  
o c c u r s  a n d  i s  e x p r e s s e d  a s  t h e  n u m b e r  o f  d e g r e e s  i n  a  c l o c k w i s e  
d i r e c t i o n  f r o m  Y ^ , t h e  p o s i t i o n  o f  t h e  b a i t .  F i n a l l y ,  X  i s  t h e  
n u m b e r  o f  d e g r e e s  i n  a n  a n t i c l o c k w i s e  d i r e c t i o n  f r o m  0 °  ( Y ^ )  t o  
t h e  p o i n t  a t  w h i c h  Y  i s  m e a s u r e d .
T h e  m o d e l  c a n  a l s o  b e  e x p r e s s e d  i n  t h e  f o r m
Y  =  7  [ l +  &  s i n  ( X + P ) ]  w h e r e  &  = ~ ,  t h e r e b y  r e l a t e s  d i f f e r e n t i a l
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g r o w t h  t o  m e a n  c o l o n y  r a d i u s  t o  g i v e  a  d i m e n s i o n l e s s  v a l u e  
u s e f u l  i n  c o m p a r i n g  t h e  m a g n i t u d e  o f  d i r e c t i o n a l  r e s p o n s e s  
b e t w e e n  f u n g i  t o  s a m e  s t i m u l i  o r  t h e  s a m e  f u n g u s  t o  d i f f e r e n t  
s t i m u l i .
2 . 1 . 3 - 2 .  M e a n  c o l o n y  r a d i i ,  d i f f e r e n t i a l  g r o w t h  a n d  p h a s e  o f
f u n g a l  c o l o n i e s .
D i f f e r e n c e s  i n  m e a n  c o l o n y  r a d i i  b e t w e e n  f u n g i  e x p o s e d  
t o  w o o d  a n d  c o n t r o l s  a r e  p r e s e n t e d  i n  T a b l e  2 . 1 . ;  C .  p i c e a ,
P ,  f a s t i g i a t a  a n d  P .  m u t a b i l i s  w e r e  n o t  r e c o r d e d  b e c a u s e  o f  
a b s e n c e  o f  g r o w t h  a f t e r  a  m i n i m u m  o f  1 4  d a y s .  I n  a l l ,  kOOO 
m e a s u r e m e n t s  w e r e  t a k e n ,  n e c e s s i t a t i n g  c o m p u t e r  a n a l y s i s  a n d  
t h e  r e s u l t s  i n d i c a t e d  t h a t  h y p h a l  e x t e n s i o n  o f  t h e  o r g a n i s m s  
C .  g l o b o s u m , S .  l a c r y m a n s  a n d  C .  p u t e a n a  w a s  s i g n i f i c a n t l y  
s t i m u l a t e d  o r  i n h i b i t e d  i n  t h e  p r e s e n c e  o f  w o o d ,  e s p e c i a l l y  
h e a t  t r e a t e d  w o o d .  C .  v e r s i c o l o r  a n d  H .  g r i s e a  w e r e  
u n a f f e c t e d  b y  w o o d  p r e s e n c e ,  a n d  h y p h a l  e x t e n s i o n  o f  T ,  v i r i d e , 
a l t h o u g h  n o t  s h o w n  i n  t h e  r e s u l t s  o f  T a b l e  2 . 1 .  t o  b e  
s i g n i f i c a n t l y  i n f l u e n c e d ,  s h o w e d  m a r k e d  o r i e n t a t i o n  t o w a r d s  
b l o c k s .  D i f f e r e n t i a l  g r o w t h  r e s u l t s ,  f o r  t h o s e  o r g a n i s m s  w h i c h  
d e m o n s t r a t e d  a s y m m e t r i c  g r o w t h ,  a r e  p r e s e n t e d  i n  T a b l e  2 . 2 .
T h o s e  o r g a n i s m s  w h i c h  d e m o n s t r a t e d  a s y m m e t r i c  g r o w t h  s h o w e d  
e i t h e r  o r i e n t a t i o n  o f  h y p h a l  e x t e n s i o n  t o w a r d s  w o o d  b a i t s  
( F i g s .  2 . 4 .  &  2 . 5 . ) ,  o r  a l t e r n a t i v e l y  g r o w t h  i n  a n  o p p o s i t e  
d i r e c t i o n  ( F i g .  2 . 6 . ) *  P h a s e  d a t a  ( T a b l e  2 . 3 . )  g e n e r a l l y  
v a r i e d  b e t w e e n  -  1 5 °  f r o m  t h e  d i r e c t i o n  o f  t h e  b a i t  ( Y - , )  w h e r e  
h y p h a l  e x t e n s i o n  t o w a r d s  b a i t s  o c c u r r e d ,  o r  b e t w e e n  -  1 5 °  f r o m
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t h e  d i r e c t i o n  d i r e c t l y  o p p o s i t e  t h e  b a i t  ( Y ^ )  w h e r e  h y p h a l  
e x t e n s i o n  w a s  a w a y  f r o m  b l o c k s .
2 . 1 . 3 - 3 *  S t a t i s t i c a l  t r e a t m e n t  o f  r e s u l t s
A  p l a n n e d  c o m o a r i s o n  b e t w e e n  t h e  c o m b i n a t i o n  o f  
e i g h t  t r e a t m e n t s  a n d  c o n t r o l s  w a s  u s e d  t o  d e t e r m i n e  t h e  
s i g n i f i c a n c e  o f  d a t a  f o r  m e a n  c o l o n y  r a d i i  a n d  d i f f e r e n t i a l  
g r o w t h .  I n d i v i d u a l  '  t * - t e s t s  w e r e  p e r f o r m e d  f o r  t h e  f i v e  
r e p l i c a t e s  o f  e a c h  e i g h t  t r e a t m e n t s  a n d  c o n t r o l s  f o r  b o t h  
m e a n  c o l o n y  r a d i i  a n d  d i f f e r e n t i a l  g r o w t h ,  t h e  r e s u l t s  o f  
w h i c h  a r e  s h o w n  a s  s u p e r s c r i p t s  i n  T a b l e s  2 . 1 .  a n d  2 . 2 .
A  f a c t o r i a l  a n a l y s i s  w a s  u n d e r t a k e n  f o r  m e a n  c o l o n y  
r a d i i  a n d  d i f f e r e n t i a l  g r o w t h  t o  d e t e r m i n e  w h i c h  e f f e c t s ,  
e i t h e r  o n  t h e i r  o w n  o r  b y  i n t e r a c t i o n  w i t h  e a c h  o t h e r ,  p r o d u c e d  
a  p a r t i c u l a r l y  s i g n i f i c a n t  g r o w t h  r e s p o n s e .  F a c t o r s  
i n v e s t i g a t e d  w e r e  A .  D i f f e r e n c e s  c a u s e d  b y  w o o d  t y p e ,
B .  D i f f e r e n c e s  b e t w e e n  w o o d  d r i e d  a t  ^ + 0 ° C  a n d  m a t e r i a l  n o t  
e x p o s e d  t o  t h i s  t e m p e r a t u r e ,  a n d  C .  W o o d  d r i e d  a t  1 0 2 ° C ,  
c o m p a r e d  t o  w o o d  n o t  e l e v a t e d  t o  t h i s  t e m p e r a t u r e .  I n t e r a c t i v e  
e f f e c t s  w e r e  i n v e s t i g a t e d  f o r  c o m b i n a t i o n s  o f  A B ,  A C  a n d  B C  a n d  
f i n a l l y  f o r  c o m b i n a t i o n s  o f  a l l  t h r e e  c o n d i t i o n s ,  A B C .
T h e  p h a s e  d a t a  f o r  e a c h  f i v e  r e p l i c a t e  t r e a t m e n t s  
w e r e  a n a l y s e d  ( B a t s c h e l e t ,  1 9 8 1 ) ,  a n d  m e a n  a n g l e s  c a l c u l a t e d  
( T a b l e  2 . 3 - ) -  T h e  l o c a t i o n  o f  t h e  m e a n  a n g l e  d o e s  n o t  i n d i c a t e  
t h e  d e g r e e  t o  w h i c h  t h e  s a m p l e  i s  c l u s t e r e d  a b o u t  t h a t  
d i r e c t i o n ,  a n d  a  m e a s u r e  o f  d i s p e r s i o n  a b o u t  t h e  m e a n  i s  
n e c e s s a r y .  T h e  m e a n  a n g u l a r  d e v i a t i o n  i n d i c a t e s  t h e  d e g r e e  o f
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d i s p e r s i o n  a r o u n d  t h e  l o c a t i o n  o f  t h e  m e a n  a n g l e ,  t h e  s m a l l e r  
i t s  v a l u e ,  t h e  g r e a t e r  i s  t h e  p r e f e r e n c e  f o r  g r o w t h  i n  t h a t  
d i r e c t i o n .  C o n v e r s e l y ,  a  h i g h  v a l u e  f o r  m e a n  a n g u l a r  
d e v i a t i o n  i n d i c a t e s  a  m o r e  r a n d o m  d i s p e r s a l  a b o u t  t h e  m e a n  
l o c a t i o n ,  w i t h  n o  p r e f e r r e d  d i r e c t i o n  o f  g r o w t h .  A n  e x a m p l e  
f o r  s t i m u l a t e d  a n d  u n s t i m u l a t e d  c o l o n i e s  o f  C .  g l o b o s u m  i s  
s h o w n  i n  F i g .  2 . 7 -  i n d i c a t i n g  l o c a t i o n  o f  t h e  p h a s e  a n d  m e a n  
a n g u l a r  d e v i a t i o n  a r o u n d  t h i s  m e a n .
T h e  p l a n n e d  c o m p a r i s o n  f o r  t h e  d e t e r m i n a t i o n  o f  
s i g n i f i c a n c e  o f  d a t a  o f  m e a n  c o l o n y  r a d i i  a n d  d i f f e r e n t i a l  
g r o w t h  c o m p a r e d  w i t h  d a t a  f o r  c o n t r o l s  i s  p r e s e n t e d  i n  T a b l e  
2 . k .  M e a n  c o l o n y  r a d i i  a n d  d i f f e r e n t i a l  g r o w t h  w e r e  b o t h  
s i g n i f i c a n t  a t  P  =  0 * 0 0 1  f o r  C .  g l o b o s u m ;  m e a n  c o l o n y  r a d i u s  
w a s  s i g n i f i c a n t  a t  P  =  0 * 0 0 1  f o r  S .  l a c r y m a n s , b u t  n o t  
s i g n i f i c a n t  f o r  d i f f e r e n t i a l  g r o w t h ;  b o t h  m e a n  c o l o n y  r a d i u s  
a n d  d i f f e r e n t i a l  g r o w t h  w a s  s i g n i f i c a n t  a t  P  =  0 * 0 0 1  f o r  
C .  p u t e a n a ;  m e a n  c o l o n y  r a d i u s  w a s  n o t  s i g n i f i c a n t  f o r  
T .  v i r i d e  w h e r e a s  d i f f e r e n t i a l  g r o w t h  w a s  s i g n i f i c a n t  a t  
P  =  0 * 0 1 .
F a c t o r i a l  a n a l y s e s  f o r  m e a n  c o l o n y  r a d i i  a r e  
p r e s e n t e d  i n  T a b l e  2 . 5 .  a n d  f o r  d i f f e r e n t i a l  g r o w t h  i n  T a b l e  
2 . 6 . ;  b o t h  t a b l e s  i n d i c a t e  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t  
b e t w e e n  o r g a n i s m s  i n  t h e  n a t u r e  a n d  d e g r e e  o f  t h e i r  r e s p o n s e s .
E f f e c t s  o n  m e a n  c o l o n y  r a d i u s
T h e  d e g r e e  t o  w h i c h  h y p h a l  e x t e n s i o n  w a s  i n f l u e n c e d  
i n  r e s p o n s i v e  o r g a n i s m s  w a s  d e p e n d e n t  o n  d i f f e r e n c e s  i n  t h e  
d r y i n g  r e g i m e  a n d  i n  v a r i a t i o n s  d u e  t o  w o o d  t y p e .  C .  g l o b o s u m
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and T. v i r i d e  were u n a f f e c t e d  by d i f f e r e n c e s  betw een  wood
s p e c i e s ,  b u t  s h o w e d  g r e a t e r  s t i m u l a t i o n  t o  h e a t e d  r a t h e r  t h a n  
f r e s h  w o o d .  T h e  t w o  b a s i d i o m y c e t e s  s h o w e d  m a r k e d  d i f f e r e n c e s  
i n  t h e i r  r e s p o n s e s  t o  l i m e  a n d  p i n e .  S .  l a c r y m a n s  w a s  s t r o n g l y  
i n h i b i t e d  b y  v o l a t i l e s  f r o m  h e a t e d  l i m e ,  b u t  u n a f f e c t e d  b y  
f r e s h  w o o d ,  w h e r e a s  C .  p u t e a n a  w a s  m a r g i n a l l y  s t i m u l a t e d  b y  
t h e  p r e s e n c e  o f  p i n e ,  w h e t h e r  f r e s h  o r  d r i e d .
E f f e c t s  o n  d i f f e r e n t i a l  g r o w t h
T h e  p o s i t i o n i n g  o f  b a i t s  t o  o n e  s i d e  o f  i n o c u l a  
c a u s e d  h y p h a l  e x t e n s i o n  t o  p r o l i f e r a t e  i n  o n e  d i r e c t i o n  r a t h e r  
t h a n  u n i f o r m l y  i n  a l l  d i r e c t i o n s ;  t h i s  d i r e c t i o n a l i t y  o c c u r r e d  
e i t h e r  t o w a r d s  o r  a w a y  f r o m  w o o d  b l o c k s .  C .  g l o b o s u m  a n d  
T .  v i r i d e  d e m o n s t r a t e d  g r e a t e r  h y p h a l  e x t e n s i o n  i n  t h e  
d i r e c t i o n  o f  v o l a t i l e  s o u r c e  r e g a r d l e s s  o f  w o o d  t y p e ,  b u t  m o r e  
m a r k e d l y  i n  t h e  p r e s e n c e  o f  d r i e d  r a t h e r  t h a n  f r e s h  w o o d .
C .  g l o b o s u m  d e m o n s t r a t e d  t h i s  t o  a  r e m a r k a b l e  e x t e n t  ( F i g s .  2 . * f .  
a n d  2 . 5 * ) *  w i t h  d e n s e  p r o d u c t i o n  o f  a e r i a l  h y p h a e  o n  s i d e s  o f  
i n o c u l a  f a c i n g  b l o c k s ;  h y p h a e  o n  s i d e s  o f  i n o c u l a  a w a y  f r o m  
b l o c k s  d e m o n s t r a t e d  c u r v a t u r e ,  t h e r e b y  r e d i r e c t i n g  g r o w t h  
t o w a r d s  b a i t s .  K y p h a e  o f  S .  l a c r y m a n s  g r e w  p r e f e r e n t i a l l y  o n  
s i d e s  o f  i n o c u l a  a w a y  f r o m  d r i e d  l i m e  ( F i g .  2 . 6 . ) ;  t h e  r e s p o n s e  
t o  p i n e  b l o c k s  w a s ,  h o w e v e r ,  v a r i e d ,  w i t h  h y p h a l  e x t e n s i o n  
b e i n g  t o w a r d s  b l o c k s  i n  s o m e  r e p l i c a t e  p l a t e s  a n d  a w a y  i n  
o t h e r s .  C .  p u t e a n a  s h o w e d  s l i g h t  p r e f e r e n t i a l  h y p h a l  
d e v e l o p m e n t  o n  t h e  s i d e s  o f  i n o c u l a  t o w a r d s  d r i e d  p i n e .  T h i s  
r e s p o n s e  w a s ,  h o w e v e r ,  v a r i a b l e ;  i n  s o m e  r e p l i c a t e s  t h e r e  w a s  
d e n s e  p r o d u c t i o n  o f  a e r i a l  h y p h a e ,  w h e r e a s  i n  o t h e r s  a e r i a l
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h yp hal  p r o d u c t io n  was very  l i m i t e d .
D e l t a  v a l u e s
D e l t a  v a l u e s  f o r  a l l  f u n g i  a r e  p r e s e n t e d  i n  T a b l e  
2 . 7 »  V a l u e s  w e r e  c o n s i s t e n t  f o r  t h e  t w o  n o n - b a s i d i o m y c e t e s  
i n  t h e  p r e s e n c e  o f  e i t h e r  h e a t  p r o c e s s e d  p i n e  o r  l i m e .  V a l u e s  
f o r  C .  g l o b o s u m , a n  o r g a n i s m  w h i c h  d e m o n s t r a t e d  a  v e r y  s t r o n g  
r e s p o n s e ,  a v e r a g e d  0 * 5  f o r  d r i e d  w o o d ;  i n  t h e  p r e s e n c e  o f  
f r e s h  w o o d ,  h o w e v e r ,  t h e  r e s p o n s e  w a s  d i m i n i s h e d ,  w i t h  a  d e l t a  
v a l u e  o f  o n l y  0 * 3 «  F o r  T .  v i r i d e  t h e  v a l u e  a v e r a g e d  m a r g i n a l l y  
a b o v e  0 *1  i n  t h e  p r e s e n c e  o f  h e a t e d  w o o d ,  w h e r e a s  v a l u e s  f o r  
g r e e n  w o Q d  a n d  c o n t r o l  v a l u e s  w e r e  i n s i g n i f i c a n t .  T h e  t w o  
b a s i d i o m y c e t e s  s h o w e d  g r e a t e r  v a r i a b i l i t y  i n  v a l u e s  o b t a i n e d .
I n  S .  l a c r y m a n s  t h e  v a l u e s  w e r e  n e g a t i v e  f o r  a l l  h e a t e d  l i m e  
b l o c k s  i n d i c a t i n g  h y p h a l  e x t e n s i o n  a w a y  f r o m  b l o c k s ;  h o w e v e r ,  
f o r  p i n e  b l o c k s  v a l u e s  v a r i e d ,  g r o w t h  t a k i n g  p l a c e  t o w a r d s  
g r e e n  w o o d  b u t  a w a y  f r o m  t w o  o f  t h e  t h r e e  h e a t  t r e a t m e n t s .
C .  p u t e a n a  d e m o n s t r a t e d  c o n s i s t e n t  v a l u e s  a b o v e  0 * 1  t o w a r d s  
h e a t e d  p i n e ,  b u t  v a r i a b l e  r e s p o n s e s  t o  h e a t e d  l i m e .
V a r i a t i o n  i n  d i s t a n c e
M e a s u r a b l e  g r o w t h  w a s  s h o w n  b y  C .  g l o b o s u m  u p  t o  
d i s t a n c e s  o f  3 0 m m  f r o m  b l o c k s  ( T a b l e  2 . 8 . ) ,  a n d  h y p h a l  c o n t a c t  
w a s  e s t a b l i s h e d  w i t h  b l o c k s  p l a c e d  3 m m  f r o m  i n o c u l a .  T h e  
r e s u l t s  i n d i c a t e d  t h a t  p o s i t i v e  h y p h a l  e x t e n s i o n  t o w a r d s  
b l o c k s  o c c u r s  u p  t o  3 0 m m  d i s t a n t ,  a l t h o u g h  d i f f e r e n t i a l  g r o w t h  
d e c r e a s e s  a s  t h e  d i s t a n c e s  i n c r e a s e .  A t  d i s t a n c e s  a b o v e  3 0 m m ,  








FIG. 2.2. Arrangement of measurement in te rva ls  and the 
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FIG. 2.3. ( l) .  Growth pattern of Chaetomium qlobusum grown 
in the presence of a sponge block placed at 
90° position to the inoculum. The points show 
the colony radius measured from the centre 
of the inoculum to the limit of hyphal 
extension at the degree interval indicated, 
o represents actual measurements and •  
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FIG. 2.3. (2). Growth pattern of Chaetomium qlobosum grown 
in the presence of a heat-d ried  lime sapwood 
block placed at 90° position to the inoculum. 
The points show the colony radius measured 
from the centre of the inoculum to the limit 
of hyphal extension at the degree angles 
indicated, o represents actual measurements 
and •  represents the. sine wave of best fit.
Fig. 2.4(a). Oriented hyphal extengion of Chaetomium 
globosum towards heat dried (40°-102°C) lime sapwood 
after 25 hours incubation at 25 C.
Fig. 2.4(b). Oriented hyphal extension of Chaetomium 
globosum towards heat dried (40°C) lime sapwood after 
51 hours incubation at 25 C.
Fig, 2.5. Oriented hyphal extension of Chaetomium 
globosum towards heat-dried (40°C) line sapwood after 
30 hours incubation at 25°C.
Fig. 2.6. Inhibition of hyphal development of 
Serpuia lacrymans on side of inoculum towards heat-dried 
(40°C) lime sapwood after 50 hours incubation at 22°C.
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(i) Pine dried at 40° C.
Phase: 3° ± 8°
(ii) Inert sponge control
Phase: £3° + 60°
FIG. 2.7. Direction of differential growth and mean angular 
deviation for five replicate plates of Chaetomium 
globosum grown in the presence of (i) Pine 
dried at (0°C., and ( i i )  Inert sponge control, 
both at 3 6 0 /0 °  position.
■ -sG
✓---------------- Colony radius (mm) with indicated wood treatment \  -----------------v
Table 2.1. Mean radii of fungal colonies exposed to either fresh or variously dried lime and pine sapwood
blocks and inert controls. Figures represent means of five replicates and their standard
deviations.
0 rgani sm Wood type Fresh
Lime 5-3 ± CU5
Chaetomium globosum Pine U U + CU9a
Lime 6 7  ± 0-54a
Serpula lacrymans
Pine 6-8 + 026a
Lime A-8 ± 0 86a
Coniophora puteana Pine 5-3 + 0 09
Lime 9-5 + 0-32
Trichoderma viride _
Pine 9-A ± 0-25
Lime 1T0 ± 071a
Coriolus versicolor __  ____
Pine 12-0 ±0 b0a
Lime 68 + 0 27a
Humicola qrisea
Pine 68 + 0 U  a
■j- Values marked with a superscript a are not significantly d
Fresh — >102°C £0°C 40°C—yi02°C Control
5 7 +  0 18 
57  + 0 08
6 0 + 009  
5 8 1 0 30




6-6 + 0 32a
3 7 + 0 23 
5-1 ±  0 26
4- 3 +0-51
5- 6 ± 0-93
67 +025
4-8 + 0-60a 
4-6 ±  0 U a
A-8 +  0 37a 
5 2 ±0 21
47 + 0-34a 
55 + Q-14
4-4 +0-38
9 7+  0 37a 
104 + 0-6£a





11 0 +  0-35a
12 0 + 0 70a
12 2 + 0-Ua 
11-4 + 054a
11-5 + 0-35a 
11 2 t  0-76a
11-6 + 074
6-6 + 0  22a 
6 8 + 0-26 a
ifferent from the
6  9 + 0 42a 
6 3 + 0-57a
control at the
7-3 + 0-27a 
6-1 +  0-22a
5%  level
7-0 +0-35
Table 2.2. Mean differential growth values (a) of fungal colonies exposed to either fresh or variously dried
lime and pine sapwood blocks and inert controls. Figures represent means of five replicates
and their standard deviations. Negative values indicate growth away from the block.
(---------------- -V a lu e  of a. (mm) with indicated wood treatment y—
Organism Wood type Fresh Fresh—»102°C 40°C 40°C—>102°C Control
L i me 1 6± 0 18a 3-1 +0-32 3 3+0-26 2-6+ 0-33
Chaetomium globosum Pine 1-2± 0 30a 30+  0-29 3-1 + 0- 56 3-6 + 0-21 1-3 + 0-38
Li me 0-6+0 -27 -1-9+ 0-33 -0-5+ 0-67 -0-9+0-24
Serpula lacrymans
Pine 0-7+0-40 0 0+ 0-963 -0-9+0-28 -0-8 + 061 -0-1
+ 014
Lime 0-1 + 0 -20 a 0-3+ 0-50 3 0-8+ 0-23 0-2 + 0-22 3
Coniophora puteana
Pine 03  + 0 23 a 0-6+0-17 1-0+ 019 1-4 + 0-36 -0-1 + 0-28
Lime 0-3 + 0 29a 1 -2+0-42 1-3+0-22 1-3+ 0-15
Trichoderma viride Pine 0-5 + 0-633 1-0+0-43 3 1 -3 + 0-32 1-1 + 063 3 0-4 + 0-44
Values marked with a superscript a are not significantly different from the control at 5%  level
Table 2.3. Phase data (£ )1" of fungal colonies exposed to either fresh or variously dried lime
sapwood blocks and inert controls. Figures represent means of five replicates
mean angular deviations.
(  ' Value of p  (°) with indicated wood treatment




1818 218 7 l  8 6 l 8
2± 8 518 3±8 3 ±8
Serpula lacrymans
Lime A ±32 -6111 -37152 -8±8
Pine A ±23 -55158 -2118 -20+A5
Lime 29±65 5167 8±8 57±A1
Coniophora puteana
Pine 50±23 1211 A 13116 1A18
Trichoderma viride
L i me 28± 51 7126 1 ±8 5±8
Pine 27± 59 10126 1012A 18129
+ Expressed as the number of degrees the direction of d iffe ren tia l gro wth varies from 0 °  ( Y3 ) ■





A3 ± 60 
86±A A 
-7A + 56 
17+61
values are
Table 2. U. t v a l u e s t  for Dlanned comparisons showing significances of differences between the growth 
parameters, mean colony rad iu s  and d if fe re n t ia l  grow th , of fungi exposed to wood baits  
and inert controls.
-^--------- Mean colony radius ---------------^
r ---------D if f e r e n t ia 11 growth --------------^
Organism t value signi f icance t value si gn i f i cance
Chaetomium globosum 8 0 5 p= 0 001 8-97 p= 0001
Serpula lacrymans -6-28 p= 0-001 -V  68 not significant
Coniophora puteana 2-89 p = 0 01 U • 87 p= 0*001
Trichoderma viride 0 £ 2 not significant 3 07 p = 0 0 1
"1" Significant positive values indicate stimu 
negative values indicate growth inh ib it ion
lation of mean colony radius  
or d i f fe re n t ia l  growth away
or di f fe re n tia l  growth 
from blocks
towards blocks.
Table 2.5. F values of Factorial analysis for determining e ffe c ts  of A: wood type, B: wood dried at 40°C  
compared with wood never dried at 40 °C , C: wood heated to 102°C compared with wood never 
heated to 102°C and the interactive e ffe c ts  between these parameters on mean colony radii.
Organism A B C AB AC BC ABC
Chaetomium globosum 37 270 11*5
*















Com'ophora puteana 7-1 2-1 1-2 2-1 0-2 3-8 4-5
Trichoderma viride 3-2 262
* *





and indicates significance at 1% and 0 1 %  levels respectively
Table 2.6. F values of factorial analysis for determining effects of A: wood type, B: wood dried at £0°C
compared with wood never dried at £0°C, C: wood heated to 102°C compared with wood never
heated to 102°C and the interactive effects between these parameters on differential growth.
Organism A B C AB AC BC ABC
Chaetomium globosum 04 859 55-9 94 11*9 73*9 6-6
- * * * *
Serpula lacrymans 7 0 1 3 3 260 12 5 10 3 200 3*6
*  * * * * *
Coniophora puteana 2A-8 31 5 0-86 5-28 8*39 £•76 7-2
*  * *
Trichoderma viride 0-H 13 6 67 009 1-16 7*9 009
* *  *
*  and *  indicates significance at 1% and 01%  levels respectively
Table 2.7 Ratio of differential growth : 
or variously dried lime and 
of f ive replicates.
Organism
Chaetomium globosum






Lime 0 0 9
Pine 0 11
Lime 0 0 2
Pine 0 06
Lime 003
Pine 0 0 5
Trichoderma viride
mean colony radius ( 6 )  of fungal colonies exposed to either fresh 
pine sapwood blocks and inert controls. Figures represent means
Treatment
Fresh 102°C 40°C 40°C 102°C
0-55 0 5 5 0-£5
0-52 0-54 0-60
0 £3 0 U 0-20
0 0 0 018 0-15









Table 2.8. Mean colony radii, differential growth and delta value for Chaetomium qlobosum exposed to lime 
sapwood blocks dried at 40 °C at varying distances between inocula and blocks. Figures represent 
means of five replicates.
Distance between inocula Mean colony Differential Delta
(mm) (mm)
valueand blocks (mm) rad ius growth
5^ 4-4 2-1 0 -48
1 0 4 7 2 7 0-57
1 5 4 7 2-6 0-55
20 4-4 2-2 0-50
25 4-9 V5 0-31
30 4-5 1 7 0-38
3 5* — — —
4 0 * ____ — —
t  hyphal contact with block 
t  limited production of aerial hyphae
Table 2.9. Mean colony radii (mm), differential growth (mm) and delta value for Chaetomium globosum
exposed to autoclaved and 40°C dried sapwood blocks of lime, pine and eucalypt and inert
controls. Figures represent means of five replicates.
Wood type Treatment Mean colony radii D ifferential growth Delta va
Autoclaved 5-7 3-5 0-61
Lime
.p
' o o o 5-1 2 -8 0-56
Autoclaved 5-5 2-5 0-46
Pine
40 °C 5-3 2-7 0-51
Au tocla ved 6-1 2-7 0 4 4
Eucalypt
40°C 53 2-5 0 4 7
2 9Control 0 0
A u t o c la v e d  m a t e r i a l
V a l u e s  f o r  m e a n  c o l o n y  r a d i i ,  d i f f e r e n t i a l  g r o w t h  a n d  
d e l t a  v a l u e s  f o r  C .  g l o b o s u m  g r o w n  i n  t h e  p r e s e n c e  o f  b o t h  
a u t o c l a v e d  ( 1 2 0 ° C  f o r  2 0  m i n u t e s )  a n d  4 0 ° C  d r i e d  l i m e ,  p i n e  a n d  
e u c a l y p t u s  b l o c k s  a r e  s h o w n  i n  T a b l e  2 . 9 *  T h e  r e s u l t s  i n d i c a t e  
t h a t  h y p h a l  e x t e n s i o n  w a s  t o w a r d s  a l l  w o o d  s p e c i e s ,  r e g a r d l e s s  
o f  t r e a t m e n t ,  w i t h  n o  s i g n i f i c a n t  g r o w t h  d i f f e r e n c e s  b e i n g  
d e m o n s t r a t e d  i n  t h e  p r e s e n c e  o f  a u t o c l a v e d  m a t e r i a l .
2 . 1 . 4 .  D i s c u s s i o n
G r o s s  s t i m u l a t i o n  o f  f u n g a l  g r o w t h  i n  r e s p o n s e  t o  
v o l a t i l e s  e m a n a t i n g  f r o m  h e a t e d  p i n e  w o o d  h a s  b e e n  s h o w n  b y  
s e v e r a l  w o r k e r s  ( G l a s a r e ,  1 9 7 0 ;  F l o d i n  &  F r i e s ,  1 9 7 8 ) ;  h o w e v e r ,  
i t  h a s  a l s o  b e e n  s h o w n  t h a t  f r e s h  p i n e  o r  p i n e  e x t r a c t s  s u c h  a s  
t e r p e n e s  i n h i b i t  g r o w t h  ( S h r i m p t o n  &  W h i t n e y ,  1 9 6 8 ;  C o b b  _ e £ .  a l . , 
1 9 6 8 ;  H i n t i k k a ,  1 9 7 0 ;  D e G r o o t ,  1 9 7 2 ) .  I n  c o n t r a s t  w i t h  t h i s  
F r i e s  ( 1 9 7 3 )  s h o w e d  l i n e a r  g r o w t h  s t i m u l a t i o n  b y  s o m e  f u n g i  t o  
s e v e r a l  t e r p e n e s .  T h e  e x p e r i m e n t a l  d e s i g n  u s e d  b y  F r i e s  ( 1 9 6 1 ) ,  
w h e n  h e  o b s e r v e d  p r e f e r e n t i a l  g r o w t h  o f  P .  a p p l a n a t u s  t o w a r d s  
t h e  v e s s e l  c o n t a i n i n g  n o n a n a l ,  c o n s i s t e d  o f  v e n t i l a t e d  p e t r i  
d i s h e s  w i t h  c o n t a i n e r s  h o l d i n g  t h e  t e s t  c o m p o u n d  a t  t h e  
p e r i p h e r y  o f  t h e  d i s h  a n d  a  c e n t r a l l y  i n o c u l a t e d  o r g a n i s m .
M o r e  r e c e n t  i n v e s t i g a t i o n s  o n  t h e  e f f e c t  o f  v o l a t i l e s  o n  f u n g i  
h a v e ,  h o w e v e r ,  b e e n  u n d e r t a k e n  i n  s e a l e d  c o n t a i n e r s  i n  w h i c h  
t h e  a t m o s p h e r e  b e c o m e s  s a t u r a t e d  w i t h  v o l a t i l e  v a p o u r s ,  h e n c e  
o r g a n i s m s  a r e  e q u a l l y  s t i m u l a t e d  o r  i n h i b i t e d ,  f r o m  a l l  
d i r e c t i o n s .  V o l a t i l e  c o n c e n t r a t i o n  g r a d i e n t s  w o u l d  n o t  b e
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p r o d u c e d  u s i n g  s u c h  e x p e r i m e n t a l  s y s t e m s ,  h e n c e  r e d u c i n g  t h e  
l i k e l i h o o d  o f  o b s e r v i n g  o r i e n t e d  g r o w t h .
I n  e x p e r i m e n t s  u s e d  t o  d e t e r m i n e  f u n g a l  g r o w t h  
r e s p o n s e s  i n  t h e  i n v e s t i g a t i o n  a t  t h i s  l a b o r a t o r y ,  i n o c u l a  a n d  
b l o c k s  w e r e  p l a c e d  c e n t r a l l y  i n  v e n t i l a t e d  p e t r i  d i s h e s .  
C o n s e q u e n t l y ,  v o l a t i l e s  e m a n a t i n g  f r o m  w o o d  b l o c k s  w o u l d  
d e c r e a s e  i n  c o n c e n t r a t i o n  f r o m  w o o d  -  a i r  i n t e r f a c e s  t o  
p e r i p h e r i e s  o f  p l a t e s  w h e r e  v e n t i n g  t o  t h e  a t m o s p h e r e  i s  
p o s s i b l e .  S u c h  g r a d i e n t s  i n  v o l a t i l e  c o n c e n t r a t i o n  w o u l d  a l l o w  
o r g a n i s m s ,  i f  c h e m o t r o p i c , t o  s e n s e  t h e  d i r e c t i o n  o f  t h e  s o u r c e  
o f  v o l a t i l e s .
T h e  r e s u l t s  c l e a r l y  s h o w  t h a t  w h e n  f u n g i  a r e  e x p o s e d  
t o  e c c e n t r i c a l l y  p l a c e d  w o o d  b l o c k s ,  d i r e c t i o n a l  g r o w t h  o c c u r s .  
G r o w t h  o n  s i d e s  o f  c o l o n i e s  o f  C .  g l o b o s u m  a n d  T .  v i r i d e  
c l o s e s t  t o  w o o d  b l o c k s  w a s  s t i m u l a t e d ,  r e s u l t i n g  i n  i n c r e a s e d  
h y p h a l  l e n g t h ,  w h e r e a s  h y p h a l  e x t e n s i o n  o f  5 .  l a c r y m a n s  w a s  
g e n e r a l l y  r e d u c e d  o n  s i d e s  o f  c o l o n i e s  n e a r e s t  w o o d  b l o c k s ,  
r e s t r i c t i n g  m a j o r  g r o w t h  t o  a  d i r e c t i o n  a w a y  f r o m  t h e  b a i t s .
I n  s t r o n g l y  s t i m u l a t e d  c o l o n i e s  o f  C ,  g l o b o s u m , c u r v a t u r e  o f  
h y p h a e  o n  t h o s e  s i d e s  o f  c o l o n i e s  a w a y  f r o m  w o o d  b a i t s  
o c c u r r e d ,  t h e r e b y  r e d i r e c t i n g  t h e i r  g r o w t h  t o w a r d s  t h e  
s t i m u l u s .  U p o n  c o n t a c t  o f  h y p h a e  a n d  w o o d  b l o c k ,  n o  f u r t h e r  
d i r e c t i o n a l  g r o w t h  t o o k  p l a c e ,  a l t h o u g h  m y c e l i a l  i n t e g r i t y  
b e t w e e n  i n o c u l u m  a n d  w o o d  b l o c k  w a s  m a i n t a i n e d ,  a n d  i t  i s  
t e m p t i n g  t o  s p e c u l a t e  t h a t  f e e d b a c k  m e c h a n i s m s  m a y  b e  
f u n c t i o n i n g .
Where p r e v i o u s  workers  have n o ted  th e  o c cu rr en ce  o f
d i r e c t i o n a l  growth,  the  phenomenon has been l a r g e l y  ig n o r e d
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a n d  n o t  m e a s u r e d  o r  s t a t i s t i c a l l y  a n a l y s e d .  F r o m  o u r  
o b s e r v a t i o n s  i t  c a n  b e  c o n c l u d e d  t h a t  g r o w t h  r e s p o n s e s  o f  s o m e  
f u n g i  t o  w o o d  a r e  n o t  s i m p l y  t h o s e  o f  s t i m u l a t i o n  o r  
i n h i b i t i o n ,  b u t  r a t h e r  t r o p i c ,  i n  w h i c h  c h a n g e s  o f  d i r e c t i o n  
o f  g r o w t h  t a k e  p l a c e  i n  r e s p o n s e  t o  s t i m u l i .  T h e  m o d e l  
d e v i s e d  a n d  d e v e l o p e d  i n  t h i s  c h a p t e r  e f f e c t i v e l y  a n a l y s e s  a n d  
e v a l u a t e s  d i r e c t i o n a l  g r o w t h  i n  f u n g i ,  a n d  c o n c l u s i v e l y  s h o w s  
t h a t  t r o p i c  r e s p o n s e s  a r e  n o t  a b e r r a n t  m a n i f e s t a t i o n s ,  b u t  
r a t h e r  n o r m a l  r e s p o n s e s  i n  f u n g a l  b e h a v i o u r a l  p a t t e r n s  w h e n  
r e s p o n s i v e  o r g a n i s m s  a r e  e x p o s e d  t o  w o o d  v o l a t i l e s .
T h e  i m p o r t a n c e  o f  t h e s e  r e s p o n s e s  i n  t h e  n a t u r a l  
e n v i r o n m e n t  a r e  u n a s s e s s e d  t o  d a t e ,  b u t  m a y  b e  o f  f u n d a m e n t a l  
i m p o r t a n c e .  W o o d  d e c a y  i n  s o i l  i s  a  n a t u r a l  e x t e n s i o n  o f  t h e  
n o r m a l  d e c a y  p r o c e s s  o f  p l a n t  l i t t e r  d e c o m p o s i t i o n ,  i n  w h i c h  
w o o d  d e c a y s  m a i n l y  d u e  t o  f u n g a l  a t t a c k .  F a t e s  a n d  t i m e  
p e r i o d s  r e q u i r e d  f o r  s u c h  p r o c e s s e s  a r e  d e p e n d e n t  o n  n u m e r o u s  
v a r i a b l e  f a c t o r s  i n h e r e n t  i n  w o o d  a n d  s o i l s  t h e m s e l v e s ;  
p r e d o m i n a n t  a m o n g s t  t h e s e  m u s t  b e  t h e  a b i l i t y  o f  d e c a y  
o r g a n i s m s  t o  m a k e  c o n t a c t  w i t h  n u t r i e n t  r e s o u r c e s  s u c h  a s  
w o o d .
G a s e s  i n  s o i l  a r e  g e n e r a l l y  e n c l o s e d ,  i n  c o n t i n u o u s  
p h a s e ,  b y  a  m a t r i x  o f  s o l i d  s o i l  p a r t i c l e s  w i t h  m a n y  
i n t e r c o n n e c t i n g  p o r e s .  G a s e s  m o v e  t h r o u g h  s o i l  m a i n l y  b y  
d i f f u s i o n  ( B r a d y ,  1 9 7 * 0 .  I n  t h e  s i t u a t i o n  w h e r e  w o o d  i s  
e m p l a c e d  i n  s o i l ,  t h e r e  i s  a  p o s s i b i l i t y  t h a t  v o l a t i l e s  
e m a n a t i n g  f r o m  t h e  w o o d  s u r f a c e  d i f f u s e  i n t o  t h e  s o i l ,  s o  
f o r m i n g  a  g r a d i e n t  i n  c o n c e n t r a t i o n ,  m o s t  c o n c e n t r a t e d  a t  t h e  
w o o d  -  s o i l  i n t e r f a c e ,  a n d  d i m i n i s h i n g  w i t h  i n c r e a s i n g  d i s t a n c e
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i n t o  t h e  s o i l .  M i c r o o r g a n i s m s  m a y . r e s p o n d  t o  s u c h  g r a d i e n t s  
b y  o r i e n t e d  g r o w t h ,  a n d  i n  t h i s  r e s p e c t  m e a s u r e m e n t  o f  l i n e a r  
g r o w t h  i s  o f  m o r e  s i g n i f i c a n c e  t h a n  t h a t  o f  d r y  w e i g h t ,  w h i c h  
i s  a  c o m m o n l y  u s e d  p a r a m e t e r  i n  o t h e r  s t u d i e s  o n  t h e  e f f e c t  o f  
w o o d  v o l a t i l e s  o n  f u n g a l  g r o w t h .
D i s t a n c e s  i n t o . t h e  s o i l  f r o m  t h e  w o o d  -  s o i l  
i n t e r f a c e  t o  w h i c h  v o l a t i l e s  m a y  p e n e t r a t e  w i l l  d e p e n d  o n  m a n y  
w o o d  a n d  s o i l  v a r i a b l e s ,  s u c h  a s  s o i l  t e m p e r a t u r e  a n d  
s t r u c t u r e ,  m o i s t u r e  c o n t e n t  a n d  t h e  d e g r e e  o f  v o l a t i l i s a t i o n  
a t  t h e  w o o d  s u r f a c e .  I n  p u r e  c u l t u r e  s t u d i e s  u n d e r t a k e n  i n  
t h i s  i n v e s t i g a t i o n ,  C .  g l o b o s u m  d e m o n s t r a t e d  m a r k e d  o r i e n t e d  
g r o w t h  t o w a r d s  b a i t s  a t  a  d i s t a n c e  30mm f r o m  i n o c u l a .  T h e  
m a j o r  e f f e c t  o f  i n c r e a s i n g  d i s t a n c e  f r o m  3 0 m m  t o  * f O m m  w a s  a  
d i m i n u t i o n  i n  t h e  p r o d u c t i o n  o f  a e r i a l  h y p h a e ,  a l t h o u g h  
o r i e n t a t i o n  i n  g r o w t h  r e m a i n e d .
M e c h a n i s m s  w h i c h  e n h a n c e  t h e  l i k e l i h o o d  o f  o r g a n i s m s  
e n c o u n t e r i n g  a  n u t r i e n t  r e s o u r c e  w o u l d  b e  h i g h l y  a d v a n t a g e o u s  
i n  b i o l o g i c a l l y  c o m p e t e t i v e  e n v i r o n m e n t s  s u c h  a s  s o i l .
O r g a n i s m s  t h a t  r e s p o n d  b y  d i r e c t i o n a l  g r o w t h  t o  w o o d  i n  s o i l  
w o u l d  h a v e  a n  a d v a n t a g e  o v e r  n o n - c h e m o t r o p i c  o r g a n i s m s ,  a s  
s u c h  m e c h a n i s m s  w o u l d  r e d u c e  t h e  r e l i a n c e  o n  r a n d o m  c o i n c i d e n c e  
b e t w e e n  f u n g i  a n d  s u b s t r a t e  p r i o r  t o  i n v a s i o n  a n d  c o l o n i s a t i o n .  
W o o d  v o l a t i l e s  m a y  h a v e  a  s e l e c t i v e  e f f e c t  o n  i n v a d i n g  
m y c o f l o r a ,  v a r i a t i o n s  i n  v o l a t i l e  e m i s s i o n  f r o m  d i f f e r e n t  w o o d  
s p e c i e s  a f f e c t i n g  t h e  d i v e r s e  s o i l  m y c o f l o r a  i n  a  d i s c r i m i n a t e  
m a n n e r .  I n  t h i s  c o n t e x t ,  o r i e n t e d  g r o w t h  r e s p o n s e s  t o  w o o d  
e m p l a c e d  i n  s o i l  w o u l d  b e  o f  c o n s i d e r a b l e  e c o l o g i c a l  
a d v a n t a g e  f o r  w o o d  i n v a d i n g  f u n g i ,  a n d  w o o d  v o l a t i l e s  m a y  b e
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o f  p r i m e  i m p o r t a n c e  a s  d e t e r m i n a n t s  o f  m i c r o b i a l  i n v a s i o n  o f  
w o o d  i n  t h i s  e n v i r o n m e n t .
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2 . 2 .  T r o p i c  r e s p o n s e s  o f  f u n g i  t o  p r e s e r v e d  w o o d  
2 . 2 . 1 .  I n t r o d u c t i o n
U n t r e a t e d  w o o d  i n  t h e  s o i l  e n v i r o n m e n t  i s  i n e v i t a b l y  
s u s c e p t i b l e  t o  d e c a y ,  a l t h o u g h  s o m e  t i m b e r s  m a y  b e  c o n s i d e r e d  
d u r a b l e  b e c a u s e  o f  t h e  s l o w  r a t e s  a t  w h i c h  d e c a y  p r o c e s s e s  
t a k e  p l a c e  i n  t h e s e  s p e c i e s .  N o n - d u r a b l e  t i m b e r s  c a n n o t  
p e r f o r m  a d e q u a t e l y  i n  s e r v i c e  d u e  t o  d e c a y  s u s c e p t i b i l i t y ,  
t h u s  m a n y  m e t h o d s  h a v e  b e e n  d e v e l o p e d  t o  i n c r e a s e  l o n g e v i t y .  
T h e  m o s t  w i d e l y  a d o p t e d  p r o c e s s  t o  e x t e n d  t h e  s e r v i c e  l i f e  o f  
t i m b e r  i s  i m p r e g n a t i o n  w i t h  c h e m i c a l s  t o x i c  t o  t h o s e  
m i c r o o r g a n i s m s  w h i c h  e f f e c t  i t s  d e c o m p o s i t i o n .  I n  v i e w  o f  
t h e  t r o p i c  r e s p o n s e s  d e m o n s t r a t e d  b y  w o o d  d e c a y  f u n g i  i n  t h e  
p r e v i o u s  s e c t i o n ,  a n d  t h e  f a c t  t h a t  w o o d  i n  s e r v i c e  i s  u s e d  i n  
a  p r e s e r v e d  s t a t e ,  i t  w a s  t h o u g h t  i n t e r e s t i n g  t o  i n v e s t i g a t e  
t h e  i n f l u e n c e  p r e s e r v a t i v e s  i m p r e g n a t e d  i n t o  w o o d  b l o c k s  t o  
t o x i c  l e v e l s  m i g h t  h a v e  o n  s u c h  t r o p i c  r e s p o n s e s .
T h r e e  m a i n  c l a s s e s  o f  p r e s e r v a t i v e  a r e  d e s c r i b e d  i n  
B r i t i s h  S t a n d a r d  1 2 8 2  :  1 9 7 5 ?
a .  T a r  o i l  t y p e .  T y p e  T O
T a r  o i l  t y p e s ,  e . g .  c o a l  t a r s ,  h a v e  l o n g  b e e n  
u s e d  a s  w o o d  p r e s e r v a t i v e s ;  h o w e v e r ,  t h e  l i g h t e r  
d i s t i l l a t e s ,  w h i c h  i n c l u d e  c r e o s o t e s ,  a r e  n o w  
m o s t  c o m m o n l y  u s e d  d u e  t o  l o w e r  v i s c o s i t y  a n d  
b e t t e r  p e n e t r a t i o n .
b .  O r g a n i c  s o l v e n t  t y p e .  T y p e  O S
T h e s e  i n c l u d e  o r g a n i c  b i o c i d e s  u s u a l l y  d i s s o l v e d
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i n  p e t r o l e u m  o i l  d i s t i l l a t e ;  t h e  s o l v e n t  
e v a p o r a t e s  o f f  s o o n  a f t e r  t r e a t m e n t .  C o m m o n l y  
u s e d  p r e s e r v a t i v e s  o f  t h i s  t y p e  i n c l u d e :  
T r i b u t y l t i n  o x i d e  ( T B T O ) ,  P e n t a c h l o r o p h e n o l  ( P C P ) ,  
C o p p e r  n a p t h e n a t e  ( C u N )  a n d  Z i n c  n a p t h e n a t e  ( Z n N ) .  
c •  W a t e r  b o r n e  t y p e .  T y p e  W B
T h e s e  i n c l u d e  s o l u t i o n s  o f  h e a v y  m e t a l  i o n s  w h i c h  
h a v e  b i o c i d a l  p r o p e r t i e s  a g a i n s t  a g e n t s  o f  d e c a y ,  
e . g .  c o p p e r  a s  a  f u n g i c i d e ,  a r s e n i c  a s  a n  
i n s e c t i c i d e .  O t h e r  c o m p o u n d s  m a y  b e  a d d e d  t o  
t h e  f o r m u l a t i o n  t o  i n c r e a s e  s o l u b i l i t y  o f  t h e  
t o x i c  a g e n t  o r  t o  a i d  i n  i t s  f i x a t i o n  t o  w o o d  
m a t e r i a l .  T h e  w o r l d  m a r k e t  i n  w a t e r  b o r n e  
p r e s e r v a t i v e s  i s  n o w  d o m i n a t e d  b y  c o p p e r  c h r o m e  
a r s e n i c  f o r m u l a t i o n s  u s i n g  d i c h r o m a t e  a s  t h e  
f i x i n g  a g e n t .
F u n g i c i d e s  o f  a l l  . t h r e e  c l a s s e s  w e r e  i n i t i a l l y  
i n c l u d e d  i n  t h i s  i n v e s t i g a t i o n .  A s  i t  h a d  b e e n  d e m o n s t r a t e d  
t h a t  f u n g i  r e s p o n d  t o  v o l a t i l e  e l e m e n t s  e v a p o r a t i n g  f r o m  
u n t r e a t e d  w o o d ,  t h o s e  p r e s e r v a t i v e s  w i t h  v o l a t i l e  c o m p o u n d s  
w e r e  o f  p a r t i c u l a r  i n t e r e s t .  O d o u r o u s  e m a n a t i o n s  f r o m  
c r e o s o t e d  m a t e r i a l s  a r e  w e l l  k n o w n  a n d  b o t h  f r e s h l y  c r e o s o t e d  
a n d  c r e o s o t e d  m a t e r i a l  f r o m  20  y e a r  o l d  t r a n s m i s s i o n  p o l e s  
w e r e  i n c l u d e d  i n  s o m e  e x p e r i m e n t s .  T r i b u t y l t i n  o x i d e  a n d  
p e n t a c h l o r o p h e n o l  h a v e  b e e n  s h o w n  t o  b e  l o s t  t o  t h e  
e n v i r o n m e n t  v i a  t h e  g a s  p h a s e  ( M o r g a n  &  P u r s l o w ,  1 9 7 3 ) *  a n d  
t h e  n a p t h e n a t e  c o m p o n e n t  o f  b o t h  c o p p e r  a n d  z i n c  n a p t h e n a t e s  
v o l a t i l i s e s  f r o m  t r e a t e d  w o o d  ( R i c h a r d s o n ,  1 9 7 8 ) .  I t  w a s
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t h e r e f o r e  d e c i d e d  t o  i n c l u d e  t h e s e  f i v e  p r e s e r v a t i v e s  i n  t h e  
i n v e s t i g a t i o n ,  n o t  o n l y  b e c a u s e  o f  t h e i r  v o l a t i l e  c o m p o n e n t s ,  
b u t  a l s o  b e c a u s e  o f  t h e i r  w i d e s p r e a d  u s e .  A l t h o u g h  i t  h a s  n o  
v a p o u r  p r e s s u r e ,  c o p p e r  c h r o m e  a r s e n i c  w a s  a l s o  i n c l u d e d ,  n o t  
o n l y  b e c a u s e  o f  i t s  u b i q u i t o u s n e s s ,  b u t  a l s o  b e c a u s e  h e a v y  
m e t a l s  h a v e  b e e n  d e m o n s t r a t e d  t o  a c c e l e r a t e  t h e  o x i d a t i o n  o f  
u n s a t u r a t e d  f a t t y  a c i d s  i n t o  v o l a t i l e  a l d e h y d e  a n d  k e t o n e  
u n i t s  ( B i c e ,  1 9 7 0 ) .  S u c h  c o m p o u n d s  h a v e  b e e n  s h o w n  t o  b e  
p r e s e n t  i n  w o o d ,  e s p e c i a l l y  w h e n  d r i e d ,  a n d  a r e  k n o w n  t o  
s t i m u l a t e  f u n g a l  g r o w t h  ( F l o d i n  &  A n d e r s s o n ,  1 9 7 8 ) .
I n  t h e  e x t e r n a l  e n v i r o n m e n t ,  o r  p r i o r  t o  l a b o r a t o r y  
t e s t i n g ,  p r e s e r v a t i v e  t r e a t e d  w o o d  i s  s u b j e c t e d  t o  l e a c h i n g ,  
c o n s e q u e n t l y  l e a c h e d  b l o c k s  w e r e  i n c l u d e d  t o  i n v e s t i g a t e  t h e  
i n f l u e n c e  o f  l e a c h i n g  p r o c e d u r e s  o n  t r o p i c  r e s p o n s e s .
2 . 2 . 2 .  M a t e r i a l s  a n d  m e t h o d s
W o o d  b l o c k s  m e a s u r i n g  1 0  x  1 0  x  ^mm w e r e  p r e p a r e d  
f r o m  s a p w o o d  o f  l i m e  ( T i l i a  v u l g a r i s  H a y n e )  a n d  p i n e  ( P i n u s  
s y l v e s t r i s  L . )  a n d  c u t  w i t h  1 0  x  1 0 m m  f a c e s  i n  r a d i a l  
l o n g i t u d i n a l  s e c t i o n .  B l o c k s ,  o v e n  d r i e d  a t  1 0 2 ° C  f o r  1 2  
h o u r s  a n d  a l l o w e d  t o  c o o l  i n  a  d e s s i c a t o r ,  w e r e  i m p r e g n a t e d  
t o  t o x i c  c o n c e n t r a t i o n s  w i t h  p r e s e r v a t i v e s  b y  p l a c i n g  i n  a  
v a c u u m  d e s s i c a t o r ,  a n d  a  v a c u u m  w a s  d r a w n  f o r  J>0 m i n u t e s .  
P r e s e r v a t i v e s ,  d i s s o l v e d  i n  a  s u i t a b l e  s o l v e n t  ( T a b l e  2 . 1 0 ) ,  
w e r e  i n t r o d u c e d  a n d  t h e  b l o c k s  a l l o w e d  t o  s o a k ,  s u b m e r g e d  
u n d e r  a t m o s p h e r i c  p r e s s u r e  f o r  2 h o u r s  f o l l o w i n g  t h e  r e l e a s e  
o f  a n y  r e s i d u a l  v a c u u m .  A l l  t e s t  b l o c k s  w e r e  s l o w l y  d r i e d
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o v e r  a  4  w e e k  p e r i o d  a c c o r d i n g  t o  t h e  m e t h o d  i n  B S  5 2 1 8  :  1 9 7 5  
( E N  2 1 ) ;  b l o c k s  i m p r e g n a t e d  w i t h  o r g a n i c  p r e s e r v a t i v e s  w e r e  
p l a c e d  o n  1 0  x  5 m m  f a c e s  i n  p e t r i  d i s h e s  a n d  t u r n e d  t h r o u g h  
1 8 0 °  e v e r y  t h i r d  d a y .  D i s h e s  w e r e  k e p t  c l o s e d  f o r  o n e  w e e k ,  
p a r t i a l l y  o p e n  f o r  t h e  s e c o n d  w e e k ,  a n d  f u l l y  o p e n  f o r  a  
f u r t h e r  t w o  w e e k s .  B l o c k s  t r e a t e d  w i t h  c o p p e r  c h r o m e  a r s e n i c  
w e r e  s t o r e d  i n  a  l a r g e  g l a s s  v e s s e l ,  w i t h  a "  s m a l l  q u a n t i t y  o f  
x y l e n e  i n  a  g l a s s  c o n t a i n e r  t o  p r e v e n t  m o u l d  g r o w t h ;  t h e  g l a s s  
v e s s e l  w a s  k e p t  c l o s e d  f o r  t w o  w e e k s ,  p a r t i a l l y  o p e n  f o r  
a n o t h e r  w e e k ,  a n d  f u l l y  o p e n  f o r  a  f u r t h e r  w e e k .  C r e o s o t e d  
m a t e r i a l  o f  f r e s h l y  i m p r e g n a t e d  1 0 mra d i a m e t e r  b e e c h  d o w e l  c u t  
i n t o  5 m m  t h i c k  d i s c s ,  a n d  1 0  x  1 0  x  5 m m  S c o t s  p i n e  s a p w o o d  
b l o c k s  c u t  f r o m  a  20  y e a r  o l d  c r e o s o t e  t r e a t e d  t r a n s m i s s i o n  
p o l e .  C o n t r o l  b l o c k s  c o n s i s t e d  o f  h e a t  d r i e d  b l o c k s  
i m p r e g n a t e d  w i t h  e i t h e r  s o l v e n t  o r  w a t e r  a l o n e  a n d  u n t r e a t e d  
b l o c k s  w h i c h  h a d  o n l y  b e e n  h e a t  d r i e d .  A l l  b l o c k s  w e r e  s t o r e d  
i n  c l o s e d  s t e r i l e  g l a s s  p e t r i  d i s h e s  u n t i l  u s e d .
F u n g i  c h o s e n  w e r e  t h o s e  w h i c h  h a d  d e m o n s t r a t e d  
g r o w t h  r e s p o n s e s  t o  u n t r e a t e d  h e a t  d r i e d  w o o d  b l o c k s  i n  
e a r l i e r  e x p e r i m e n t s :
1 .  C h a e t o m i u m  g l o b o s u m  K u n z e  F P R L  7 0 K
2 .  T r i c h o d e r m a  v i r i d e  P e r s .  e x  F r .
5 .  S e r p u l a  l a c r y m a n s  ( F r i e s )  K a r s t .  F P R L  1 2 C
4 .  C o n i o p h o r a  p u t e a n a  ( S c h u m  e x  F r . )  K a r s t .  F P R L  1 1 E  
C u l t u r e s  o f  t h e s e  o r g a n i s m s  w e r e  m a i n t a i n e d  o n  3% m a l t  e x t r a c t  
a g a r  ( O x o i d )  i n  t h e  d a r k  a t  2 5 ° C , e x c e p t  f o r  S ,  l a c r y m a n s  
w h i c h  w a s  i n c u b a t e d  a t  2 2 ° C .  E x p o s u r e  o f  f u n g i  t o  w o o d  b l o c k s  
w a s  a s  d e s c r i b e d  i n  s e c t i o n  2 . 1 . 2 . 2 . ,  e x c e p t  t h a t  b l o c k s  w e r e
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p l a c e d  2 2 * 5 m m  f r o m  c e n t r e s  o f  i n o c u l a  o f  T .  v i r i d e  d u e  t o  
r a p i d  g r o w t h  r a t e  o f  t h i s  o r g a n i s m .  F i v e  r e p l i c a t e  p l a t e s  o f
e a c h  c o m b i n a t i o n  o f  w o o d  t y p e  a n d  p r e s e r v a t i v e  f o r m u l a t i o n ,
\
p l u s  f i v e  r e p l i c a t e  p l a t e s  f o r  e a c h  c o n t r o l ,  w e r e  p r e p a r e d  f o r  
e a c h  f u n g u s .  P l a t e s  w e r e  i n c u b a t e d  i n  t h e  d a r k  a t  2 5 ° C ,  e x c e p t  
f o r  S ,  l a c r y m a n s ,  w h i c h  w a s  i n c u b a t e d  i n  t h e  d a r k  a t  2 2 ° C .  
C r e o s o t e d  m a t e r i a l  w a s  e x p o s e d  t o  C .  g l o b o s u m  a n d  S .  l a c r y m a n s  
o n l y .
H y p h a l  e x t e n s i o n  p a t t e r n s  w e r e  m o n i t o r e d  a n d  
m e a s u r e m e n t s  t a k e n  p r i o r  t o  e s t a b l i s h m e n t  o f  h y p h a l  c o n t a c t  
b e t w e e n  o r g a n i s m s  a n d  b l o c k s  i f  t h i s  w a s  a b o u t  t o  o c c u r .  T h e  
m e t h o d s  u s e d  t o  m e a s u r e  g r o w t h  a n d  a n a l y s e  g r o w t h  p a t t e r n s  
h a s  b e e n  d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n .  M e a s u r e m e n t s  w e r e  
m a d e  o f  a e r i a l  h y p h a e ,  e x c e p t  f o r  C .  p u t e a n a  w h i c h  p r o d u c e d  o n l y  
b a s a l  m y c e l i u m  i n  t h e  p r e s e n c e  o f  b l o c k s  i m p r e g n a t e d  w i t h  
o r g a n i c  p r e s e r v a t i v e s .
E f f e c t s  o f  p r i o r  l e a c h i n g  o f  b l o c k s  o n  f u n a l  g r o w t h  
w a s  d e t e r m i n e d  b y  s u b m i t t i n g  o n e  s e t  o f  b l o c k s ,  o f  e a c h  
c o m b i n a t i o n  o f  w o o d  t y p e  a n d  p r e s e r v a t i v e  p l u s  c o n t r o l ,  t o  
a q u e o u s  e x t r a c t i o n  f o r  e i g h t  h o u r s  i n  a  s o x h l e t  a p p a r a t u s .  
L e a c h e d  b l o c k s  w e r e  s t o r e d  i n  v e n t i l a t e d  g l a s s  c o n t a i n e r s  f o r  
f i v e  d a y s  u n d e r  a m b i e n t  l a b o r a t o r y  c o n d i t i o n s  p r i o r  t o  u s e .  
I n o c u l a  o f  C .  g l o b o s u m  w e r e  e x p o s e d  t o  l e a c h e d  b l o c k s  a n d  
m e a s u r e m e n t  a n d  a n a l y s i s  o f  g r o w t h  w a s  a s  d e s c r i b e d  f o r  
u n l e a c h e d  m a t e r i a l .
2.2.3« Results
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Times a t  which measurements  were ta k e n  v a r i e d  between
o r g a n i s m s ,  a n d  a r e  s h o w n  w i t h  r e s u l t s  f o r  m e a n  c o l o n y  r a d i i  i n  
T a b l e  2 . 1 1 .  T h e  r e s u l t s  s h o w  t h a t  p r e s e r v a t i v e s  v a r y  i n  t h e i r  
e f f e c t s  o n  o v e r a l l  g r o w t h .  C o p p e r  c h r o m e  a r s e n i c  h a s  n o  
m e a s u r a b l e  i n h i b i t o r y  o r  s t i m u l a t o r y  e f f e c t  o n  h y p h a l  
e x t e n s i o n  o f  a n y  o r g a n i s m .  T r i b u t y l t i n  o x i d e  d e m o n s t r a t e d  a  
m a r k e d  i n h i b i t o r y  e f f e c t  o n  a l l  o r g a n i s m s .  C o p p e r  n a p t h e n a t e  
a n d  p e n t a c h l o r o p h e n o l  w e r e  i n c o n s i s t e n t  i n  r e s p o n s e s  e l i c i t e d  
f r o m  o r g a n i s m s ;  c o p p e r  n a p t h e n a t e  i n h i b i t e d  h y p h a l  e x t e n s i o n  
o f  C .  g l o b o s u m  a n d  T .  v i r i d e  w h e n  p r e s e n t  i n  p i n e ,  w h e r e a s  
p e n t a c h l o r o p h e n o l  i n h i b i t e d  h y p h a l  e x t e n s i o n  o f  C .  g l o b o s u m  
i n  b o t h  p i n e  a n d  l i m e ,  a n d  o f  T .  v i r i d e  o n l y  i n  l i m e .  Z i n c  
n a p t h e n a t e  e l i c i t e d  n o  i n h i b i t i n g  e f f e c t s  o n  m e a n  c o l o n y  
r a d i i  o f  a n y  o r g a n i s m ,  r e g a r d l e s s . o f  w o o d  t y p e .  T h e  l o w  m e a n  
c o l o n y  r a d i i  r e s u l t s  f o r  c o n t r o l  p l a t e s  o f  C ,  p u t e a n a  r e f l e c t  
t h e  p r o d u c t i o n  o f  a e r i a l  h y p h a e  b y  t h i s  o r g a n i s m  w h e n  e x p o s e d  
t o  u n p r e s e r v e d  w o o d ,  w h e r e a s  w h e n  e x p o s e d  t o  p r e s e r v e d  w o o d  a  
g r e a t e r  d i a m e t e r  o f  s u r f a c e  m y c e l i u m  w a s  p r o d u c e d ,  b u t  l a c k i n g  
a e r i a l  h y p h a e .  R e s u l t s  a r e  n o t  p r e s e n t e d  f o r  c r e o s o t e d  
m a t e r i a l  e x p o s e d  t o  C .  g l o b o s u m  a n d  S .  l a c r y m a n s  b e c a u s e  o f  
l a c k  o f  m e a s u r a b l e  g r o w t h  b y  t h e  f u n g i  a f t e r  a  m i n i m u m  o f  1 0  
d a y s .
R e s u l t s  f o r  d i f f e r e n t i a l  g r o w t h  a r e  s h o w n  i n  T a b l e  
2 . 1 2 . ;  t h e s e  s h o w  t h a t  o r i e n t e d  h y p h a l  e x t e n s i o n  w a s  d e m o n s t r a t e d  
b y  a l l  o r g a n i s m s  t o  b o t h  t r e a t e d  a n d  u n t r e a t e d  b l o c k s .  W a t e r  
b o r n e  c o p p e r  c h r o m e  a r s e n i c  i s  g e n e r a l l y  n e u t r a l  i n  t h a t  
o r i e n t e d  g r o w t h  r e s p o n s e s  t o w a r d s  c o n t r o l s  w e r e  u n a f f e c t e d  b y  
c o p p e r  c h r o m e  a r s e n i c  p r e s e n c e ,  e x c e p t  f o r  S .  l a c r y m a n s  w h i c h
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s h o w e d  m a r g i n a l  p r e f e r e n t i a l  g r o w t h  t o w a r d s  c o p p e r  c h r o m e  
a r s e n i c  t r e a t e d  p i n e ,  w h e r e a s  g r o w t h  w a s  a w a y  f r o m  t h e  p i n e  
c o n t r o l s .  H y p h a l  e x t e n s i o n  w a s  i n h i b i t e d  i n  a l l  o r g a n i s m s  o n  
s i d e s  o f  i n o c u l a  f a c i n g  b l o c k s  o f  b o t h  w o o d  t y p e s  t r e a t e d  w i t h  
t r i b u t y l t i n  o x i d e ,  r e s u l t i n g  i n  g r o w t h  t a k i n g  p l a c e  o n l y  i n  a  
d i r e c t i o n  a w a y  f r o m  b l o c k s .  C o p p e r  a n d  z i n c  n a p t h e n a t e  
i n h i b i t  d i f f e r e n t i a l  g r o w t h  o f  C .  g l o b o s u m  o n l y  i n  p i n e ,  
w h e r e a s  p e n t a c h l o r o p h e n o l  c a u s e s  i n h i b i t i o n  i n  b o t h  p i n e  a n d  
l i m e ,  a n d  z i n c  n a p t h e n a t e  a n d  p e n t a c h l o r o p h e n o l  b o t h  i n h i b i t  
d i f f e r e n t i a l  g r o w t h  o f  T .  v i r i d e  w h e n  i m p r e g n a t e d  i n  l i m e .
S ,  l a c r y m a n s  d e m o n s t r a t e d  d i r e c t i o n a l  g r o w t h  a w a y  
f r o m  u n t r e a t e d  b l o c k s  a n d  t h i s  r e s p o n s e  w a s  m a i n t a i n e d  t o  a l l  
p r e s e r v a t i v e s  a n d  w o o d  t y p e s  e x c e p t  f o r  c o p p e r  c h r o m e  a r s e n i c  
t r e a t e d  p i n e ;  h o w e v e r ,  g r o w t h  a w a y  w a s  i n c r e a s e d  i n  p i n e  
t r e a t e d  w i t h  b o t h  c o p p e r  a n d  z i n c  n a p t h e n a t e .  C .  p u t e a n a  
d e m o n s t r a t e d  v a r i a b l e  a n d  l i m i t e d  o r i e n t e d  g r o w t h  r e s p o n s e s  t o  
c o n t r o l s  a n d  c o p p e r  c h r o m e  a r s e n i c  t r e a t e d  b l o c k s ,  w h e r e  a n  
o r g a n i c  p r e s e r v a t i v e  w a s  p r e s e n t ;  h o w e v e r ,  o n l y  b a s a l  m y c e l i u m  
w a s  p r o d u c e d  w h i c h  w a s  o r i e n t e d  a w a y  f r o m  t r e a t e d  b l o c k s .
L e a c h i n g  o f  b l o c k s  p r i o r  t o  u s e  r e s u l t e d  i n  o n l y  
m i n o r  m o d i f i c a t i o n s  i n  h y p h a l  e x t e n s i o n  p a t t e r n s  o f  
C .  g l o b o s u m  a s  o p p o s e d  t o  u n l e a c h e d  m a t e r i a l .  M e a n  c o l o n y  
r a d i i  w e r e  g e n e r a l l y  u n a f f e c t e d ,  a l t h o u g h  t h e r e  i s  s o m e w h a t  
d i m i n i s h e d  g r o w t h  i n  t h e  p r e s e n c e  o f  l e a c h e d  l i m e  t r e a t e d  
w i t h  c o p p e r  n a p t h e n a t e ,  a n d  a n  i n c r e a s e  i n  l i m e  t r e a t e d  w i t h  
t r i b u t y l t i n  o x i d e .  M e a n  c o l o n y  r a d i i  r e m a i n  u n a f f e c t e d  i n  
r e s p o n s e  t o  l e a c h e d  b l o c k s  i m p r e g n a t e d  w i t h  c o p p e r  c h r o m e  
a r s e n i c ,  z i n c  n a p t h e n a t e  o r  p e n t a c h l o r o p h e n o l .  D i f f e r e n t i a l
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g r o w t h  a l s o  c o n t i n u e d  t o  o c c u r  a n d  r e m a i n  u n a f f e c t e d  i n  a l l  
t r e a t m e n t s  o f  p i n e ;  h o w e v e r ,  d i m i n i s h e d  r e s p o n s e s  w e r e  
o b s e r v e d  i n  l i m e  b l o c k s  i m p r e g n a t e d  w i t h  c o p p e r  o r  z i n c  
n a p t h e n a t e ,  a n d  a n  i n c r e a s e  i n  o r i e n t e d  g r o w t h  t o o k  p l a c e  
t o w a r d s  l i m e  t r e a t e d  w i t h  p e n t a c h l o r o p h e n o l  o r  t r i b u t y l t i n  
o x i d e .
P h a s e  d a t a  ( T a b l e  2 . 1 2 . )  i n d i c a t e  t h a t  C .  g l o b o s u m  
e x p o s e d  t o  l e a c h e d  o r  u n l e a c h e d  b l o c k s ,  d e m o n s t r a t e d  
r e m a r k a b l y  c o n s i s t e n t  o r i e n t e d  r e s p o n s e s  t o w a r d s  a l l  c o n t r o l s  
a n d  t h e  m a j o r i t y  o f  p r e s e r v a t i v e  t r e a t m e n t s .  T h e  r e s p o n s e  t o  
t r i b u t y l t i n  o x i d e  w a s  s t r o n g l y  o r i e n t e d  a w a y  w h e n  e x p o s e d  t o  
u n l e a c h e d  b l o c k s ,  b u t  b e c a m e  e r r a t i c  a n d  v a r i a b l e  i n  t h e  
p r e s e n c e  o f  l e a c h e d  b l o c k s .  T .  v i r i d e  d e m o n s t r a t e d  d i r e c t e d  
h y p h a l  e x t e n s i o n  t o w a r d s  m o s t  b l o c k s  e x c e p t  f o r  p i n e  a n d  l i m e  
b l o c k s  i m p r e g n a t e d  w i t h  t r i b u t y l t i n  o x i d e ,  w h e r e  o r i e n t a t i o n  
w a s  s t r o n g l y  d i r e c t e d  a w a y  f r o m  t h e  b l o c k s .
P h a s e  d a t a  f o r  t h e  t w o  b a s i d i o m y c e t e s  i n d i c a t e  t h a t  
o r i e n t e d  g r o w t h  i s  g e n e r a l l y  a w a y  f r o m  b o t h  u n t r e a t e d  a n d  
p r e s e r v a t i v e  t r e a t e d  b l o c k s .  T h e  r e s p o n s e  w a s  m o r e  m a r k e d  i n  
S .  l a c r y m a n s  w h i c h  d e m o n s t r a t e d  c o n s i s t e n t  g r o w t h  a w a y  f r o m  
a l l  l i m e  b l o c k s ;  f o r  p i n e  b l o c k s  g r o w t h  w a s  t o w a r d s  c o p p e r  
c h r o m e  a r s e n i c  t r e a t e d  b l o c k s  a n d  r a n d o m  i n  t h r e e  c o n t r o l s .
C ,  p u t e a n a  d e m o n s t r a t e d  m o r e  w i d e l y  d i s p e r s e d  d i r e c t i o n a l  
g r o w t h ,  b u t  g r o w t h  a w a y  f r o m  t r i b u t y l t i n  o x i d e  t r e a t e d  b l o c k s  
w a s  c o n s i s t e n t  w i t h  o n l y  m i n o r  a n g u l a r  d e v i a t i o n .
V a l u e s  f o r  d e l t a  a r e  s h o w n  i n  T a b l e  2 . 1 4 . ;  v a l u e s  
o v e r  0 # 1 w e r e  c o n s i d e r e d  t o  b e  s i g n i f i c a n t ,  w i t h  a  h i g h e r  
v a l u e  i n d i c a t i n g  a  g r e a t e r  m a g n i t u d e  o f  d i f f e r e n t i a l  g r o w t h .
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Table 2.10. Preservatives, solvents and concentrations of treating solutions.
Preservative Solvent Concentration (%W/W)
Copper napthenate (CuN) 60-80 Petroleum Ether 500
Zinc napthenate (ZnN) 60-80 Petroleum Ether 2-99
Tributyltin oxide (TBTO) 60-00 Petroleum Ether 0-12
Pentachlorophenol (PCP) Acetone 0-13













Mean colony rad i i of fungal colonies exposed to preservative treated oven dried lime and pine
sapwood blocks and 
de v ia t ions.
(--------------
controls. Figures represent means of five replicates  




Wood type CuN ZnN TBTO PCP CCA PE ACET Control
•Li met 4-7t 0-37 4-9 + 0-33 5-0 + 0-36 5-7 + 0-19 5-7+0-41 6-0+ 0-32 60+0-26 6-5+0-73
Pine^ 4-2+0-24 5-3 + 0-53 3-8 + 1-13 4-5+0-33 5-6+0-43 5-7+0-32 5-4+0-65 57 + 0-39
Lime 5-9+0-34 5-5+0-14 3-8+0-22 5-2+0-24 60+0-44 5-6+0-24 6-1+0-24 6-2+0-38
Pine 4-7+ 0-14 5-0+ 0-32 2-9+0-53 3-9+0-55 5-3+0-22 5-7+0-46 6-5+0-28 6-5+0-26
Lime 4-9+0-23 5-3+0-45 3-3+0-69 5-2+0-41 5-2+0-90 4-9+1-1 5-9 + 0-72 5-7+0-43
Pine 5-5+036 5-7+020 3-4+0-19 4-2 + 0-51 5-1 + 1-00 6-5+0-44 5-4 + 071 6-3+0-69
Lime 7-1+0-64 6-6+0-41 5 9+ 0-67 5-4+0-98 5-8+0-22 4-5+0-42 50+0-21 5-2+0-26
Pine 7-3+066 6-5+0-69 6-7 + 0-98 5-5+0-85 5-7+0-28 5-1 + 0-26 5-1+0-14 5-2+0-18
Lime 15-8±0-67 16 8±0 61 8-5+0-55 14-7+0-51 15-6+0-84 15-8+0-53 16-7+0-82 16-5+2-07
Pine 147+0-24 159+0-92 3-5±0-45 14-9±0-49 16-8±0-37 16-6±100 15-1 ±0-62 17-0t0-45
t  leached blocks
Table 2.12. Mean differential growth values (o< ) of fungal colonies to p reservative  treated oven dried
lime and pine sapwood blocks. Figures represent means of five rep licates and






Lime "I" 1-5 + 0-34 1-0+0-40
Chaetomium globosum
Pinef T0+ 0-21 0-5+0-48
Lime 2-4 + 0 -34 1-9+0-34
Chaetomium alobosum
Pine OoiUAo 1-0+0-39
Lime -1-9 + 0-32 -2-2+0-25
Serpula lacrymans
Pine -1-9 + 0-34 -1-3 + 0-65
Lime -0-5+0-28 -0-4 + 0-14
Coniophora puteana
Pine -0-6+0-35 -0-7+0-32
Lime 1-1 + 0-30 0-1 + 0-65
Trichoderma viride
Pine 2-1 + 0-31 1-2 + 0-37
of oc (mm) with indicated preservative treatment
TBTO PCP CCA PE ACET Control
0-4+0-35 2-7+0-43 2-3+0-58 2-9+0-28 2-9+0-26 27+0-47
-0-6 + 0-70 1-1+0-37 1-6+0-39 2-5+0-34 2-4+0-44 2-0+0-23
-0-5+0-39 1-4 + 0-30 2-9+0-69 2-3+0-16 2-6+0-41 27+0-42
-0-3+ 0-40 0-6+0-44 . 2 0± 0-10 2-4+ 0-55 2-5+0-17 2-6+0-29
-0-8± 0-60 -0-8+0-30 -1-1 + 0-54 -1-2+0-45 -1-0+0-64 -2- 5+0-51
-1-2+0-35 -1-2+0-35 0-6 + 0-10 -0-4+0-41 -0-8±0-48 -0-8±0-46
-1-2+0-19 -0-7 + 0-81 -0-4 + 0-28 0-8+0-77 -0-3+0-32 0-5+0-26
-1-5+0-78 -0-9 + 1-03 0-4 + 0-22 -04  + 0-09 -0-1 + 0-23 -0-1 + 041
-5-2+077 1-7+0-57 1-4+0 83 2-0+0-51 30+0-54 1-8+0-90
-1-4+ 0-69 1-8+0-30 1-2+0-35 2-4+0-80 1-9 + 0-62 2-6+0-52
t  leached blocks
Table 2.13. Phase data ( £  )+■ of fungal colonies exposed to preservative treated oven dried lime and pine 
sapwood blocks. Figures represent means of five rep licates and their mean angular 
devi a tion s.
C --------Value of p  (°) with indicated preservative treatment -----------
Organism Wood type CuN ZnN TBTO PCP CCA PE ACET Control
Lime"l" 12+8 7+4 14+57 2+4 3+3 2+6 0+0 1+5
Chaetomium globosum +
Pine 1 11+8 31+28 -46+27 3+7 6+7 0+6 4+7 2+11
Chaetomium globosum
Lime 0+8 11+8 -4+23 2+8 4+8 3+8 2+8 0+8
i
Pine 25±A1 9+14 -15+8 6+24 10+8 0+8 1+8 4+8
Lime -15+11 -1+0 -20+20 -1 +28 -4+8 -10+28 -0+8 -1+8
Serpula lacrymans
Pi ne - 8-11 -1+11 -5+8 -19+8 6+23 -25+54 -21 +31 -3+43
Lime -1 2+27 -25+31 -8+11 -32+45 -20+51 28+40 -26±47 15+29
Coniophora puteana
Pine -17+20 -10+28 -7+11 -21+47 33+32 -1 2+23 -35+56 16+77
Lime 17+11 43+53 -3+8 5+8 13+18 7+18 0+8 13+16
Trichoderma viride
Pine 3+8 24±8 -4+8 7+11 25+11 8+14 9+11 0+8
t  leached blocks
-f- expressed as the number of degrees the direction of d iffe ren tia l growth 
positive, and from 180° (Y? ) when values are negative.
varies from 0° (Y3 ) when values are
Table 2.14. Mean values of delta (<5p  of fungal colonies to preservative treated oven dried lime and
pine sapwood blocks. Figures represent means of five replicates. Negative values indicate
growth away from blocks.
Value of 5 with indicated preservative treatment
Or ganism Wood type CuN ZnN TBTO PCP CCA PE ACET Control
Lime T 0-33 0-21 0-08 0 46 0-41 0 -48 0-48 0-42
Chaetomium qlobosum +
Pine 1 024 0-10 -0  15 0-24 0-28 o -u 0-43 0-35
Lime 041 0-35 -o -u 0-28 0*48 0-40 0*42 0-44
Chaetomium qlobosum
Pine 0-16 0-19 - 0 0 9 0-15 0-38 0-43 0-39 0-40
Lime -0-38 -0-41 -0-24 -0-15 -0-22 -0 -2 4 -0  18 -0 -44
Serpula lacrym ans
Pi ne -0-34 -0-22 -0-35 -0-28 0-11 - 0 0 6 -0-13 -0  11
Lime - 0 0 7 - 0 0 5 -0-21 -0  13 - 0 0 5 0-19 - 0 0 6 0 0 9
Coniophora puteana
Pine - 0 0 8 -0-10 -0-23 -0-17 0 0 5 - 0 0 7 - 0 0 3 0 0 2
Lime 0 0 7 0 0 0 -0-62 0-12 0 0 9 0 13 0 18 0*11
Trichoderma viride
Pine 0-15 0 0 8 -0-41 0-12 0-07 0 14 0 13 0 16
t  leached blocks
-t- for definition see text
2.2.4, Discussion
As w ith  th e  i n v e s t i g a t i o n  on u n t r e a t e d  b l o c k s ,  g r e a t  
r e p l i c a t i o n  was i n v o l v e d  i n  e x p e r i m e n t s  u s i n g  t r e a t e d  m a t e r i a l ,  
w i th  over 3 5 0 0  measurements t a k e n ,  o b v i o u s l y  n e c e s s i t a t i n g  d a ta  
a n a l y s i s  by c om puter .  The r e s u l t s  showed t h a t  even  when 
p r e s e r v a t i v e s  were p r e s e n t  th e  c h e m o s t im u la t o r y  n a t u r e  o f  wood 
v o l a t i l e s  on e a r l y  growth p a t t e r n s  o f  f u n g i  were n o t  masked,  and 
though th e  b i o c i d e s  used a r e  v e ry  e f f e c t i v e ,  e s p e c i a l l y  out o f  
ground c o n t a c t ,  hyphal  e x t e n s i o n  p a t t e r n s  o f  th e  f u n g i  
C. globosum and T .  v i r i d e  were s t i l l  s t i m u l a t e d  and th o s e  o f  
S .  l ac ry m an s  c o n t i n u e d  t o  d e m o n s t r a te  d i r e c t i o n a l  r e s p o n s e s .
Growth,  however ,  o f  a l l  o rganism s was s e v e r e l y  l i m i t e d  
i n  th e  p r e s e n c e  o f  wood b l o c k s  im pregnated  w ith  t r i b u t l y t i n  
o x i d e  and a e r i a l  h y p h a l  developm ent  was r e s t r i c t e d  to  t h o s e  
s i d e s  o f  i n o c u l a  f u r t h e s t  from b a i t s .  I n  many i n s t a n c e s  no 
growth a t  a l l  o c c u r r e d ,  and i n  t h o s e  i n  which growth was 
i n i t i a t e d ,  hyphae were s h o r t  and exuded s m a l l  l i q u i d  d r o p l e t s .  
P r e l i m i n a r y  s t u d i e s  with  C.  globosum i n d i c a t e d  t h a t  t h i s  fungus 
d e m o n s tra te d  th e  most marked p o s i t i v e  c h e m o tro p ic  r e s p o n s e s .  I n  
th e  p r e s e n c e  o f  b o th  f r e s h  and aged c r e o s o t e d  m a t e r i a l ,  however ,  
hyphal  e x t e n s i o n  was s e v e r e l y  l i m i t e d  and o n ly  minimal growth 
to o k  p l a c e  even over  ex tend ed  t ime p e r i o d s .  S i m i l a r  p r e l i m i n a r y  
s t u d i e s  w ith  S .  lac ry m an s  showed s i m i l a r  r e s u l t s ,  thus  f u r t h e r  
i n v e s t i g a t i o n s  w ith  c r e o s o t e d  m a t e r i a l s  were no t  u n d e r t a k e n .
Aqueous e x t r a c t i o n  o f  b l o c k s  p r i o r  t o  f u n g a l  
e xp o s u re  did n o t  s i g n i f i c a n t l y  modify growth r e s p o n s e s  o f  
C, globosum t o  e i t h e r  p r e s e r v e d  or  u n p re s e rv e d  wood. Copper
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chrome a r s e n i c ,  w id e ly  used i n  ground c o n t a c t  and a s s o c i a t e d  
i n  such  s i t u a t i o n  w i th  f a i l u r e  due t o  s o f t  r o t  f u n g i ,  had no 
s i g n i f i c a n t  i n h i b i t o r y  e f f e c t s  on d i r e c t i o n a l  development o f  
f u n g a l  hyphae.
The r e s u l t s  p r e s e n t e d  i n  t h i s  c h a p t e r  show t h a t  most 
p r e s e r v a t i v e s ,  even i n  l e a c h e d  wood, do not mask i t s  
c h e m o s t im u la t o r y  n a t u r e  and s e c t i o n  2 . 1 .  d e m o n s tra te d  t h a t  th e  
e f f e c t s  v o l a t i l e s  e v a p o r a t i n g  from wood have on th e  growth 
p a t t e r n s  o f  some wood decay f u n g i  i s  to  e l i c i t  p r e f e r e n t i a l  
growth by organ ism s  towards s o u r c e s  o f  wood v o l a t i l e s .  
R e c o g n i t i o n  o f  t r o p i c  r e s p o n s e s  t o  even p r e s e r v e d  wood may, 
t h e r e f o r e ,  i n c r e a s e  our u n d e r s t a n d i n g  o f  th e  p e r fo rm an c e  o f  
t h i s  m a t e r i a l  i n  s o i l  c o n t a c t .
P r e s e r v a t i v e s  a r e  n o r m a l l y  th oug ht  t o  a c t  as  
t o x i c a n t s  to  s o i l  m i c r o f l o r a  and organ ism s  l o c a t e d  by random 
c o i n c i d e n c e  a t  th e  wood -  s o i l  i n t e r f a c e  o f  newly t r e a t e d  wood 
i n  s o i l  would u s u a l l y  be c o n s i d e r e d  to  be k i l l e d  a s  a 
c o n sequ en ce  o f  t h e i r  p r o x i m i t y .  N i l s s o n  ( 1 9 8 2 ) ,  however ,  has  
shown t h a t  v i a b l e  organ ism s  may be found even i n  h e a v i l y  
p r e s e r v e d  m a t e r i a l .
E x a m in a t io n  o f  s o i l  a d j a c e n t  t o  decomposing s t a k e s  
b o th  i n  the l a b o r a t o r y  and i n  th e  f i e l d ,  i n d i c a t e s  t h a t  
n i t r o g e n  a c c u m u l a t i o n  i n  the s o i l  c o n t ig u o u s  w i th  the wood t a k e s  
p l a c e  (King e t .  a l . , 1 9 8 1 ) .  I t  was a l s o  noted  by t h e s e  a u t h o r s  
t h a t  s o l u b l e  n u t r i e n t s  p r e s e n t  i n  wood s t i m u l a t e d  a g g r e g a t e  
f o r m a t i o n  o f  th e  s o i l ,  i n d i c a t i v e  o f  h igh  m i c r o b i a l  b iomass  
c o n t e n t ,  and a l s o  a c c e l e r a t e d  n i t r o g e n  t r a n s f e r  even to  
p r e s e r v e d  wood. I t  i s  p r o b a b l e ,  t h e r e f o r e ,  t h a t  m i c r o b i a l
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p o p u l a t i o n s  i n  s o i l  s u r r o u n d in g  wood i s  a l s o  i n f l u e n c e d  by 
such  v o l a t i l e s ,  and t h a t  t h e s e  i n f l u e n c e s  may n o t  be c o n f i n e d  
t o  t h o s e  m i c r o b i a l  p o p u l a t i o n s  l o c a t e d  a t  the  immediate  wood -  
s o i l  i n t e r f a c e s .  F u r t h e r m o r e ,  s o l u b l e  n u t r i e n t s  may i n i t i a t e  
s t a s i s  r e l e a s e  o f  th e  s o i l  m i c r o f l o r a  and upon g e r m i n a t i o n  o f  
f u n g a l  s p o r e s  v o l a t i l e s  may b r i n g  about o r i e n t e d  hyphal  
e x t e n s i o n  o f  germ tu b e s  towards  wood.
S o i l  has  a l a r g e  b u t  r e l a t i v e l y  i n a c t i v e  m i c r o b i a l  
p o p u l a t i o n ,  th e  a c t i v i t y  l e v e l  b e i n g  dependent on v a r i a b l e  
c h e m i c a l ,  p h y s i c a l  and b i o l o g i c a l  p a r a m e t e r s  su c h  a s  m o i s t u r e  
c o n t e n t ,  t e m p e r a t u r e ,  exogenous or c o n s t i t u t i v e  dormancy and 
n u t r i e n t  s t a t u s .  F u r t h e r m o r e ,  s o i l  m ic ro o rg a n is m s  a r e  g e n e r a l l y  
i s  a s t a t e  o f  s t a s i s  w ith  u n c e r t a i n  i n h e r e n t  s o i l  f a c t o r s  
i n h i b i t i n g  and r e t a r d i n g  b o th  v e g e t a t i v e  hyphal  growth and 
s p o r e  g e r m i n a t i o n .  R e l e a s e  from s t a s i s  o n ly  o c c u r s  when 
e n v i r o n m e n t a l  c o n d i t i o n s  a r e  f a v o u r a b l e  f o r  growth and 
r e p r o d u c t i o n .  F a c t o r s  m o d e ra t in g  s t a s i s  r e l e a s e  a r e  a s  y e t  
u n c l e a r ,  b u t  Lynch ( 1 9 8 2 )  i m p l i c a t e d  n u t r i e n t  a v a i l a b i l i t y  as  
b e i n g  o f  some im p o r ta n c e  i n  t h i s  f u n c t i o n .  H ard ie  ( 1 9 7 9 )  
showed t h a t  s p o r e s  o f  C. globosum a r e  s t i m u l a t e d  t o  g e rm in a te  
by aqueous e x t r a c t s  o f  wood, and B u t c h e r  & N i l s s o n  ( 1 9 8 2 )  
c o n s i d e r e d  t h a t  copper  chrome a r s e n i c  might n o t  only  a c t  a s  a 
b i o c i d e ,  b u t  might a l s o  p r e s e r v e  wood by masking i n i t i a t i o n  
s i t e s  f o r  s o f t  r o t  c a v i t y  f o r m a t i o n .  Thus d e c a y ,  but n o t  th e  
growth o f  f u n g i  i n  wood, might be i n h i b i t e d  by i t s  u s e .  The 
p o s s i b i l i t y  t h e r e f o r e  e x i s t s  t h a t  when wood i s  emplaced i n  
s o i l  i t  may i n f l u e n c e  s o i l  m i c r o f l o r a  a t  some d i s t a n c e  i n t o  the 
s o i l  from th e  wood -  s o i l  i n t e r f a c e ,  e i t h e r  by l e a c h i n g  o f
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s o l u b l e  m a t e r i a l s ,  e . g .  r e d i s t r i b u t e d  s o l u b l e  n u t r i e n t s ,  or  by- 
v o l a t i l e  e m i s s i o n s .
P r e s e r v a t i v e s  which a c t  o n ly  a s  t o x i c a n t s  may f a i l  t o  
p r e v e n t  e a r l y  i n v a s i o n  o f  wood by m i c r o o r g a n i s m s ,  a s  d e m o n s t r a te d  
by King ej t .  a l .  ( 1 9 8 1 ) ,  a l t h o u g h  such  o rgan ism s  may be k i l l e d  
and f a i l  t o  f u r t h e r  c o l o n i s e  the  wood. I f  wood c o n t i n u e s  t o  
a c t  a s  a  c h e m o s t im u la n t  even when p r e s e r v e d ,  a  c o n t i n u a l  i n p u t  
o f  m i c r o b i a l  b iom ass  would be a t t r a c t e d ,  and s u c h  a mechanism 
c o u ld  e x p l a i n  th e  i n c r e a s e d  n i t r o g e n  noted  by King e_t. a l .  ( 1 9 8 0 ) ,  
t h a t  o c c u r s  d u r in g  de c ay  p r o c e s s e s  o f  p r e s e r v e d  and u n p r e s e r v e d  
wood i n  s o i l .  Death and l y s i s  o f  m i c r o b i a l  b iom ass  a t  wood -  
s o i l  i n t e r f a c e s  may n o t  o n ly  r e s u l t  i n  a b u i l d  up o f  n u t r i e n t  
r e s o u r c e s ,  but  a l s o  e i t h e r  s o l u b i l i s e  p r e s e r v a t i v e  e le m e n t s  
which can  th en  be l e a c h e d  from th e  s y s t e m ,  or im m o b i l i s e  su c h  
e l e m e n t s  by c o m p le x in g ,  th u s  e f f e c t i v e l y  r e d u c i n g  t o x i c a n t  
a v a i l a b i l i t y .
P r e s e r v a t i v e  f o r m u l a t i o n s  which i n h i b i t  m i c r o b i a l  
r e s p o n s e s  to  wood, e i t h e r  by masking the  c h e m o s t im u la t o r y  n a t u r e  
o f  the  m a t e r i a l  or by a c t i n g  a s  a r e p e l l a n t  a g a i n s t  s o i l  
m i c r o f l o r a ,  could  t h e r e f o r e  be i m p o r t a n t  i n  d e l a y i n g  
d e c o m p o s i t io n  p r o c e s s e s .  P r e l i m i n a r y  e x p e r i m e n t s  u n d e r ta k e n  to  
d e s i g n  methods to  t e s t  c h e m o tr o o i c  r e s p o n s e s  o f  f u n g i  t o  wood 
im pregnated  with  p r e s e r v a t i v e s  d e m o n s tra te d  th e  e f f e c t i v e n e s s  
o f  c r e o s o t e  to  a c t  a s  a growth i n h i b i t o r ,  even 20 y e a r  o ld  
m a t e r i a l  e f f e c t i v e l y  p r e v e n t e d  hyphal  developm ent  o f  C. globosum 
up t o  d i s t a n c e s  o f  25mm. C r e o s o t e  may be p a r t i c u l a r l y  
e f f e c t i v e  i n  t h i s  r e s p e c t ,  a s  d u r in g  v o l a t i l i s a t i o n  o f  some o f  
i t s  l i g h t e r  c o n s t i t u e n t s ,  n o n - v o l a t i l e  t o x i c  m a t e r i a l s  a r e  l e f t
70
i n  th e  wood; however,  th e  development o f  p r e s e r v a t i v e  
f o r m u l a t i o n s  which mask the  i n v a s i v e  p r o c e s s  p o s t u l a t e d  by 
King _et. a l .  (19S1  0£ .  c i t . ) p r o v i d e s  a p o s s i b l e  s o l u t i o n  t o  
s o f t  r o t  f a i l u r e  o f  wood i n  s o i l .
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2.3. General conclusions
1)  I t  has  been e s t a b l i s h e d  t h a t
some f u n g i  may re sp o n d  c h e m o t r o p i c a l l y  to  wood 
v o l a t i l e s  by d e m o n s t r a t i n g  d i r e c t i o n a l  grow th .
2)  A method has  been  d e v is e d  to  a l l o w  q u a n t i t a t i v e  
measurement and s t a t i s t i c a l  a n a l y s i s  o f  t h e s e  
r e s p o n s e s  t o  be u n d e r t a k e n .
3 )  R e s u l t s  o f  such a n a l y s e s  show t h a t  th e  n a t u r e  and 
d e g re e  t o  which t r o p i c  r e s p o n s e s  a r e  de m on stra te d  
may be i n f l u e n c e d  b y : -
( a )  s p e c i e s  o f  wood;
( b )  whether th e  wood i s  f r e s h  or d r ie d  -  h e a t  
d r i e d  wood e l i c i t s  g r e a t e r  t r o p i c  r e s p o n s e s  
than f r e s h  wood, even when h e a t  d r i e d  a t  
only  4o°C .
4)  T r o p i c  r e s p o n s e s  by C. globosum may be ob served  
a t  d i s t a n c e s  up t o  35mm from b l o c k s .
5 )  R e s p o n s iv e  f u n g i  m a i n t a i n  t h e i r  r e s p o n s e  t o  wood 
im pregnated  w ith  th e  p r e s e r v a t i v e s  copper  and z i n c  
n a p t h e n a t e ,  p e n t a c h l o r o p h e n o l  and copper  chrome 
a r s e n i c .
6 )  The r e s p o n s e  i s  s e v e r e l y  d i s r u p t e d  by p r e s e r v a t i v e s  
t r i b u t y l t i n  ox id e  and c r e o s o t e .
7 )  L e a c h i n g  of  b l o c k s  p r i o r  t o  e xp o s u re  does not 






3 . 1 .  I n t r o d u c t i o n
S o i l  i n h a b i t i n g  b a c t e r i a  a r e  found i n  a l l  major
t e r r e s t r i a l  e c o s y s t e m s .  Numbers o f  b a c t e r i a  i n  s o i l  g e n e r a l l y
6 7rang e  from 7 x  10 / g  i n  dry  tu n d ra  s o i l s  t o  5 x 1 0 '  c e l l s / g  i n
t r o p i c a l  f o r e s t  or  savannah s o i l s  ( S w i f t  e j t .  a l . ,  1 9 7 9 ) .
Numbers v ary  m arked ly ,  however ,  between h o r i z o n s  w i t h i n  th e
same s o i l  w i th  the  r i c h  o r g a n i c  upper h o r i z o n s  hav ing
c o n s i d e r a b l y  g r e a t e r  numbers o f  b a c t e r i a  th a n  low e r  m i n e r a l
7 5h o r i z o n s ,  e . g .  3  x 10 i n  l i t t e r  down t o  3 x 10  1 metre below
th e  s o i l  s u r f a c e  (C am p b e l l ,  1 9 7 7 ) *  B a c t e r i a  may c o n t r i b u t e  
up t o  97% o f  m i c r o b i a l  numbers i s o l a t e d  from tu n d ra  and t a i g a  
s o i l s ,  b u t  o n ly  k2%  i n  dry p r a i r i e  s o i l s  ( H a t t o r i ,  1973)•
B e c au s e  o f  t h e i r  s m a l l  s i z e ,  u s u a l l y  l e s s  than 5 h - th e y  
r a r e l y  c o n t r i b u t e  t o  more than  50% o f  m i c r o b i a l  b iom ass  i n  any 
s o i l  ( A l e x a n d e r ,  1 9 7 7 ;  C am p be l l ,  1 9 7 7 ) .  E x c e p t i o n s  may o c c u r  
i n  s p e c i a l  s i t u a t i o n s ,  such  a s  w a t e r l o g g i n g ,  which f a v o u r  the 
deve lopm ent  o f  b a c t e r i a  w ith  th e  b i o c h e m i c a l  a p p a r a t u s  t o  d e a l  
w ith  low oxygen c o n c e n t r a t i o n s ,  or which can d e r i v e  en e rg y  v i a  
pathways which do n o t  r e q u i r e  oxygen.  These  organism s 
p r o l i f e r a t e  and dominate t o t a l  c o u n ts  and b iom ass  c a l c u l a t i o n s  
under such  c o n d i t i o n s .
Many e n v i r o n m e n ta l  f a c t o r s  i n f l u e n c e  b a c t e r i a l  
numbers i n  s o i l s ,  and p a r a m e t e r s  such a s  p H , t e m p e r a t u r e , 
m o i s t u r e  c o n t e n t  and n u t r i e n t  a v a i l a b i l i t y  i n i t i a t e  changes  i n  
numbers a s  t h e s e  v a r y .  E n v iro n m e n ta l  f a c t o r s  a r e  i n t e r - r e l a t e d ,
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ho wever,  and v a r i a t i o n  i n  one may induce  complex p a t t e r n s  o f  
change i n  the  o t h e r s ,  though some s im p le  g e n e r a l i s a t i o n s  a r e  
p o s s i b l e .  The e f f e c t  o f  d e c r e a s i n g  pH c a u s e s  a d r a m a t i c  drop 
i n  numbers o f  b a c t e r i a l  c e l l s ,  and a c o n c u r r e n t  i n c r e a s e  i n  
f u n g a l  b io m a s s .  B a c t e r i a l  growth i s  f a v o u re d  a t  pH v a l u e s  o f  
6 - 7 ,  whereas f u n g i  have  growth opt ima a t  v a l u e s  below 5« 
F u r t h e r m o r e ,  c hanges  i n  pH n o t  o n ly  e f f e c t  m ic ro o rg a n is m s  
d i r e c t l y ,  b u t  a l s o  in d u c e  chan ges  i n  n u t r i e n t  a v a i l a b i l i t y ,  
l e a c h i n g  e t c .  w i t h i n  th e  s o i l .
M o i s t u r e  c o n t e n t s  o f  s o i l s  a r e  c r i t i c a l  i n  
d e t e r m i n i n g  m i c r o b i a l  growth ,  and a l l  s o i l  i n h a b i t i n g  b a c t e r i a  
may be c o n s i d e r e d  a s  a q u a t i c ,  l i v i n g  i n  water f i l m s  which 
s urro un d s o i l  p a r t i c l e s .  M o i s t u r e  c o n t e n t s  o f  s o i l s  must be 
above c e r t a i n  minimal v a l u e s  f o r  s u c c e s s f u l  b a c t e r i a l  
v e g e t a t i v e  growth ,  and below t h i s  va lu e  w ater  becomes 
u n a v a i l a b l e  due t o  t h e  s t r o n g  a f f i n i t y  w ater  m o l e c u l e s  have 
f o r  c l a y  and o r g a n i c  p a r t i c l e s .  Water a v a i l a b i l i t y  i s  a l s o  
s t r o n g l y  i n f l u e n c e d  by s o i l  p a r t i c l e  s i z e ,  c l a y  s o i l s  r e t a i n  
much l a r g e r  q u a n t i t i e s  o f  m o i s t u r e  than  s o i l s  o f  l a r g e r  
p a r t i c l e  s i z e  such  a s  loam s .  B a c t e r i a  i n  s o i l  a r e  not  
u n i f o r m l y  d i s t r i b u t e d ,  but r e s t r i c t e d  t o  m i c r o c o l o n i e s  on 
p a r t i c l e  s u r f a c e s ,  p a r t i c u l a r l y  ones o f  o r g a n i c  o r i g i n .  M o t i l e  
b a c t e r i a  o b v i o u s l y  r e q u i r e  a c o n t i n u o u s  water f i l m  to  t r a n s f e r  
from one,  p o s s i b l y  n u t r i e n t  d e p l e t e d ,  m i c r o s i t e  t o  a n o t h e r ,  
and a r e  dependent  on th e  p r e s e n c e  o f  f r e e  w ater  f o r  t h i s  
t r a n s f e r .  Water i t s e l f  i s  n o t  t o x i c ,  b u t  an overabundance i n  
s o i l  w i l l  c a u s e  a d i s p l a c e m e n t  o f  a i r ,  l o w e r in g  th e  amount o f  
a v a i l a b l e  oxygen,  somet im es  t o  a p o i n t  where o n ly  a n a e r o b i c
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r e s p i r a t i o n  or  f e r m e n t a t i o n  can t a k e  p l a c e .  A e r o b i c  b a c t e r i a  
p r o l i f e r a t e  i n  s o i l s  a t  m o is t u r e  c o n t e n t s  o f  75% o f  the  s o i l  
m o i s t u r e  h o l d i n g  c a p a c i t y .  Temporary f l o o d i n g  o f  a w e l l  
d r a i n e d  s o i l  may have on ly  minimal e f f e c t s  on t h e  s o i l  
m i c r o f l o r a ;  however ,  p ro lo n g e d  w a t e r l o g g i n g  h a s  a m a jo r  im p a c t  
on numbers and type o f  m ic ro o rg a n is m s  p r e s e n t .
B i o c h e m i c a l l y  m edia ted  c h e m ic a l  r e a c t i o n s  a r e  
fa v o u re d  by t e m p e r a t u r e s  between 25°C -  35°C and i n  t e m p e r a te  
r e g i o n s  most s o i l  i n h a b i t i n g  b a c t e r i a  a r e  m e s o p h i l e s ,  a l t h o u g h  
p s y c h r o p h i l i c  and t h e r m o p h i l i c  b a c t e r i a  may p re d o m in ate  i n  
a r c t i c  tu nd ra  and t r o p i c a l  s o i l s  ( A l e x a n d e r ,  1 9 7 7 ) »  The main 
e f f e c t  o f  i n c r e a s e d  te m p e r a t u r e  i s  t h a t  the  r a t e  o f  s u b s t r a t e  
u t i l i s a t i o n  i s  enhanced by th e  i n c r e a s e d  e n e rg y  w i t h i n  th e  
s y s t e m ;  however,  above c e r t a i n  t e m p e r a t u r e s  prob lem s o c c u r  
b e c a u s e  o f  th erm al  d e n a t u r a t i o n  o f  e x t r a c e l l u l a r  enzymes and 
s u b s t r a t e  tu r n o v e r  w i l l  d e c r e a s e .
The n u t r i e n t  s t a t u s  o f  s o i l  has  a m a jo r  i n f l u e n c e  on 
m i c r o b i a l  numbers, and t h e r e  i s  a s t r o n g  c o r r e l a t i o n  between 
b a c t e r i a l  numbers and o r g a n i c  c o n t e n t  o f  the s o i l .  Campbell  
0 9 7 7 )  , s t a t e s  t h a t  i n  s o i l s  i n  which o r g a n i c  p a r t i c l e s  
c o n t r i b u t e d  t o  on ly  1 5 / o f  th e  t o t a l  p a r t i c l e  numbers,  more 
than  50% o f  b a c t e r i a  p r e s e n t  were a s s o c i a t e d  w i th  the  o r g a n i c  
f r a c t i o n .  G e n e r a l l y ,  however,  s o i l  may be c o n s i d e r e d  t o  be a 
n u t r i e n t  poor medium and s o i l  m ic ro o rg a n is m s  i n  a low s t a t e  o f  
a c t i v i t y .  Only when th e  s o i l  i s  amended with  f r e s h  s u b s t r a t e ,  
e s p e c i a l l y  i f  s o l u b l e ,  w i l l  the  a c t i v i t y  l e v e l s  i n c r e a s e  
m ark e d ly .  I n c r e a s e d  a c t i v i t y  i s  i n  p a r t  due t o  enhanced 
m e t a b o l i c  r a t e s  o f  a u to c h th o n o u s  f l o r a ,  and i n  p a r t  to  a f l u s h
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o f  a c t i v i t y  caused by s t a s i s  r e l e a s e d  i n  zymogenous f l o r a ,  
b a c t e r i a  b e i n g  p r e s e n t  i n  b o th  g r o u p s .  I n  n a t u r a l  t e m p e ra te  
t e r r e s t r i a l  e c o s y s t e m s  many o f  th e  e n v i r o n m e n ta l  f a c t o r s  
d i s c u s s e d  have s e a s o n a l  v a r i a b i l i t y ,  e . g .  t e m p e r a t u r e  and 
i n p u t  o f  o r g a n i c  m a t e r i a l ,  t h e r e f o r e  p o p u l a t i o n s  o f  
m ic ro o rg a n is m s  i n  such  s o i l s  have developed t o  s u r v i v e  wide 
f l u c t u a t i o n s  i n  th e  p h y s i o c h e m i c a l  e n v ir o n m e n t ,  and a r e  a b l e  t o  
i n v a d e ,  c o l o n i s e  and e x p l o i t  th e  abundance o f  o r g a n i c  m a t e r i a l  
which a r r i v e s  d u r in g  t i m e s  o f  dec id uous  l e a f  f a l l .
Amongst th e  pr im a ry  c o l o n i s e r s  o f  p l a n t  d e b r i s  i n  
s o i l  b a c t e r i a  a r e  an im p o r t a n t  group,  and o f  t h o s e  groups o f  
b a c t e r i a  which a r e  most f r e q u e n t l y  i s o l a t e d  from s o i l  
a c t i n o m y c e t e s  and c o ry n e f o rm s  ( i n c l u d i n g  A r t h r o b a c t e r ) ,  s p o r e  
form in g  b a c i l l i  and pseudomonads a c c o u n t  f o r  90% o f  t o t a l  
numbers (C a m p b e l l ,  1 9 7 7 ) .  Gray £ t ^  a l .  ( 1 9 7 * 0 ,  showed t h a t  some 
o f  t h e s e  groups  a r e  m a jo r  i s o l a t e s  d u r ing  a s h  and oak l e a f  
l i t t e r  d e c o m p o s i t io n  s t u d i e s .  Of b a c t e r i a l  b iom ass  p r e s e n t  i n  
ash  l i t t e r ,  38*6% was a t t r i b u t e d  t o  th e  genus A r t h r o b a c t e r ,
11*3% t o  B a c i l l u s  and 3 0 * 2% t o  Pseudomonas; i . e .  80-3% o f  th e  
t o t a l  b io m a s s .  For  oak l i t t e r ,  6*3% was a t t r i b u t e d  to  
A r t h r o b a c t e r , 20*6% t o  B a c i l l u s  and 30*6% t o  Pseudomonas, w ith  
ZS*2°/d E n t e r o b a c t e r i a c e a e  a l s o  p r e s e n t .  I t  can be s e e n  from 
t h e s e  r e s u l t s  t h a t  i n  terms o f  numbers and b i o m a s s ,  b a c t e r i a  
i s o l a t e d  from s o i l  and deciduou s l i t t e r  a r e  r e s t r i c t e d  to  a few 
g r o u p s .
Another  a r e a  i n  s o i l  i n  which t h e r e  a r e  l a r g e  numbers 
o f  b a c t e r i a  i s  th e  r h i z o s p h e r e ,  i . e .  t h a t  volume o f  s o i l  
i n f l u e n c e d  by th e  p r e s e n c e  o f  growing p l a n t  r o o t s .  I n  the
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9 10r h i z o s p h e r e  b a c t e r i a l  numbers may r e a c h  f i g u r e s  o f  10 -  10
c e l l s / g  o f  dry s o i l  (C a m p b e l l ,  1 9 7 7 ) i whereas f u n g i  tend t o  
show no a p p r e c i a b l e  i n c r e a s e ,  a t  l e a s t  when measured by 
i s o l a t i o n ,  a p a r t  from a v e ry  few r e s t r i c t e d  g e n e r a ,  e . g .  
m y c o r r h i z a l  f u n g i .  Z o osp ore s  o f  s e v e r a l  g e n e r a ,  however,  a r e  
s t r o n g l y  a t t r a c t e d  t o  r o o t s .  M o t i l e  s p o r e s  o f  such  g e n e ra  show 
movement t o  th e  r h i z o s p h e r e  r e g i o n  i n  r e s p o n s e  t o  c h e m ic a l  
s t i m u l a t i o n  ( A l e x a n d e r ,  1977)•
Not a l l  b a c t e r i a  make the t r a n s i t i o n  from the s o i l  
t o  the  r h i z o s p h e r e ,  and t h e r e  a r e  q u a l i t a t i v e  a s  w e l l  a s  
q u a n t i t a t i v e  d i f f e r e n c e s  between s o i l  and r h i z o s p h e r e  m i c r o b i a l  
p o p u l a t i o n s .  I t  i s  p o s s i b l e  t h a t  a f t e r  c o i n c i d e n c e  o f  growing 
r o o t  with  b a c t e r i a l  c o l o n i e s  i n  s o i l  t h o s e  b a c t e r i a ,  b e t t e r  
adapted  t o  th e  r h i z o s p h e r e  e n v i r o n m e n t  p r o l i f e r a t e  a t  th e  
expense  o f  l e s s  w e l l  a d ap ted  o r g a n is m s ,  l e a d i n g  t o  marked 
v a r i a t i o n s  i n  s o i l  and r h i z o s p h e r e  b a c t e r i a l  p o p u l a t i o n s .
P l a n t  r o o t s ,  e s p e c i a l l y  a t  th e  growing t i p  and zone of  
e l o n g a t i o n ,  exude a wide v a r i e t y  o f  s o l u b l e  o r g a n i c  m o l e c u l e s ,  
i n c l u d i n g  a l l  th e  n a t u r a l l y  o c c u r r i n g  amino a c i d s  and a v a r i e t y  
o f  m o n o s a c c h a r i d e s ,  o r g a n i c  a c i d s  and v i t a m i n s .  Root e x u d a t e s  
o f  s e v e r a l  p l a n t s  i n i t i a t e  p o s i t i v e  c h e m o t a c t i c  b e h a v io u r  i n  
Rhizobium ( G i t t e  , R a i  & P a t i l ,  1 9 7 8 ;  C u r r i e r  & S t r o b e l ,  1 9 7 6 ) ,  
a s  w e l l  as i n d i v i d u a l  amino a c i d s  and c a r b o h y d r a t e s  (Gotz e t . 
a l . , 1 9 5 2 ) .
C h e m o ta x is ,  th e  p r o c e s s  by which m o t i l e  b a c t e r i a  
swim from low t o  h ig h  c o n c e n t r a t i o n s  o f  an a t t r a c t a n t ,  or v i c e  
v e r s a  f o r  a r e p e l l e n t ,  has been  d e m o n s tra te d  q u a l i t a t i v e l y  
s i n c e  P f e f f e r s  e x p e r i m e n t s  i n  1 8 8 0 ' s  ( P f e f f e r ,  188^- ) .  More
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r e c e n t l y  th e  developm ent  o f  a c a p i l l a r y  tu be method has  e n a b l e d  
b a c t e r i a l  c h e m o ta x i s  t o  be q u a n t i f i e d  ( A d l e r ,  1 9 7 3 ) .  Both  
n e g a t i v e  and p o s i t i v e  r e s p o n s e s  have been i n v e s t i g a t e d ,  and a 
wide ran g e  o f  b a c t e r i a l  taxonom ic  grou pin gs  have  been shown t o  
d e m o n s tra te  d i r e c t i o n a l  r e s p o n s e s ,  i n c l u d i n g  Gram n e g a t i v e  
f a c u l t a t i v e  a n a e r o b i c  r o d s ,  e . g .  E s c h e r i c h i a  c o l i  ( A d l e r ,  1 9 7 3 ) ,  
S a l m o n e l l a  typhimurium ( A d l e r ,  1 9 7 5 ) ;  Gram n e g a t i v e  a e r o b i c  
r o d s ,  e . g .  Pseudomonas (L yn c h ,  1 9 8 0 ;  Moench & K o n e tz k a ,  1 9 7 8 ;  
Moulton & M o n t ie ,  1 9 7 9 ) ,  Phizobium (Bowra & D i l w o r t h ,  1 9 8 1 ) and 
Gram p o s i t i v e  andospore  fo rm in g  r o d s ,  B a c i l l u s  s u b t i l i s  ( O rd a l  
ScGibson , 1 9 7 7 ;  Ordal  e t .  a l . ,  1 9 7 7 ;  Van der  D r i f t  & de J o n g ,  
1 9 7 * 0 .  I t  i s  most i n t e r e s t i n g  t h a t  b a c t e r i a  which d e m o n s t r a te  
most marked i n c r e a s e s  i n  th e  r h i z o s p h e r e  ( A l e x a n d e r ,  1 9 7 7 ) ,  a r e  
a l l  f l a g e l l a t e  o r g a n is m s ,  i . e .  Pseudomonas s p p . ,  F l a v o b a c t e r i u m  
s p p . , A l c a l i g e n e s  s p p . ,  A g ro b a c te r iu m  spp.  and Rhizobium s p p .
The im p o r ta n c e  o f  b a c t e r i a  as  p r im ary  c o l o n i s e r s  o f  
b o th  p r e s e r v e d  and u n p re s e rv e d  wood i n  s o i l  i s  a l s o  w e l l  
r e c o g n i s e d  (Clubbe 8c L evy ,  1 9 8 2 ) ,  a l t h o u g h  t h e r e  a r e  few 
q u a n t i t a t i v e  s t u d i e s  o f  t h e i r  in v o lv e m e n t  i n  th e  decay p r o c e s s .  
B a c t e r i a  from s e v e r a l  g e n e r a  a r e  known to  a t t a c k  wood as  a 
n u t r i e n t  r e s o u r c e  ( L e v y ,  19&7;  G r e a v e s ,  1 9 6 8 ) ,  w i th  B a c i l l u s  
and Pseudomonas b e i n g  e s p e c i a l l y  im p o r ta n t  i n  t h e s e  e v e n t s .  
G reaves  ( 1 9 7 1 )  grouped b a c t e r i a  which a r e  i s o l a t e d  from wood 
i n t o  f o u r  c a t e g o r i e s  de te rm in e d  by t h e i r  f u n c t i o n s  once 
i n v a s i o n  o f  th e  r e s o u r c e  had o c c u r r e d .  Those o f  group 1 
f u n c t i o n e d  t o  i n c r e a s e  th e  p e r m e a b i l i t y  o f  the  wood t o  l i q u i d  
p e n e t r a t i o n ;  th o s e  o f  group 2 had the  c a p a b i l i t y  t o  u t i l i s e  
c e l l  w a l l ,  t h e r e b y  r e d u c i n g  the  s t r e n g t h  o f  th e  wood. B a c t e r i a
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o f  group 3 were t h o s e  which i n  a s s o c i a t i o n  w i th  o t h e r  wood 
decay m ic ro o rg a n is m s  c o u ld  c au se  t o t a l  wood d e c o m p o s i t i o n ,  and 
t h o s e  o f  group k  were i n a c t i v e  i n  wood d e c a y ,  b u t  by t h e i r  
p r e s e n c e  cou ld  i n f l u e n c e  o t h e r  wood decay m ic r o o r g a n is m s  by 
p r o d u c t i o n  o f  a n t a g o n i s t i c  c h e m i c a l s  i n h i b i t o r y  t o  m i c r o b i a l  
f u n c t i o n  and growth .  G reaves  ( 1 9 7 1 ,  ojd. c i t . )  a l s o  n o te d  t h a t  
b a c t e r i a  and a c t i n o m y c e t e s  were p r o b a b ly  the  m ic r o o r g a n is m s  
most abundant  i n  wood d u r in g  d e c a y ,  and B a e c k e r  & Kin g ( 1 9 8 1 ) 
showed t h a t  a c t i n o m y c e t e s  can o c c u r  i n  l a r g e  numbers i n  
d e c a y in g  l im e  and p i n e .  I m p o r t a n t l y ,  b o th  G re a v e s  ( 1 9 7 1 ,  o p . 
c i t . ) and Gray £ t .  a l .  ( 1 9 7 * 0  noted  t h a t  f o r  wood and l e a f  
l i t t e r  r e s p e c t i v e l y ,  i n v a s i o n  and c o l o n i s a t i o n  i n  s o i l  by 
b a c t e r i a  was v e ry  r a p i d ,  and Gray n o te d  t h a t  t e n f o l d  i n c r e a s e  
i n  b a c t e r i a l  numbers o c c u r r e d  i n  the  f i r s t  t h r e e  days o f  a s h  
l i t t e r  d e c o m p o s i t i o n .
Wood a l s o  c o n t a i n s  a s i g n i f i c a n t  q u a n t i t y  o f  s o l u b l e  
o r g a n i c  n u t r i e n t s ,  which a r e  c o n c e n t r a t e d  a t  s u r f a c e  d u r in g  
d r y i n g ,  and which have been shown to  move t o  s o i l  when wood i s  
emplaced t h e r e i n  (PPing, 1 9 7 3 )  • S u b s e q u e n t  a n a l y s e s  o f  t h e s e  
s o l u b l e  n u t r i e n t s  have dem onstra ted  th e  p r e s e n c e  o f  many amino 
a c i d s  and s im p le  s u g a r s  as  m a jo r  components (Nayagam, p e r s .  
comm.).  I t  was t h e r e f o r e  h y p o t h e s i s e d  t h a t  s o i l  a t  th e  wood -  
s o i l  i n t e r f a c e  was s i m i l a r  n u t r i t i o n a l l y  t o  s o i l  a d j a c e n t  t o  th e  
r h i z o s p h e r e  and t h a t  th e  wood in p u t  to  s o i l  was com parable  t o .  
p l a n t  r o o t  exu d ate  a t  l e a s t  i n  th e  s h o r t  te rm .
B a c t e r i a  found i n  wood and decomposing l i t t e r  a r e  
t a x o n o m i c a l l y  s i m i l a r  t o  th o s e  found i n  the  r h i z o s p h e r e .  I n  
view o f  th e  t a c t i c  mechanisms d e m on stra te d  by some r h i z o s p h e r e
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o rg an is m s  ( C u r r i e r  & S t r o b e l ,  1 9 7 7 ) ,  th e  t r o p i c  r e s p o n s e s  by- 
f u n g i  t o  wood d e s c r i b e d  i n  C hapter  2 ,  and th e  p o s i t i v e  r e s p o n s e s  
shown by common s o i l  b a c t e r i a  t o  amino a c i d s  and s im p le  s u g a r s ,  
i t  was d e c id e d  t h a t  t h e  i n f l u e n c e  o f  s o l u b l e  n u t r i e n t s  i n  wood 
on t a c t i c  b e h a v io u r  o f  wood i n h a b i t i n g  b a c t e r i a  s h o u ld  be 
i n v e s t i g a t e d .
T a c t i c  r e s p o n s e s  by wood i n h a b i t i n g  b a c t e r i a  have no t  
b e e n  i n v e s t i g a t e d  t o  d a t e ,  nor have t h e i r  i m p l i c a t i o n s  f o r  th e  
r o l e  o f  b a c t e r i a  i n  wood decay been  e s t a b l i s h e d .  I t  was 
t h e r e f o r e  d e c id e d  t h a t  i n d i v i d u a l  components o f  s o l u b l e  n u t r i e n t s  
i n  wood, a s  w e l l  a s  u n d i f f e r e n t i a t e d  w ater  s o l u b l e  wood e x t r a c t ,  
s h o u ld  be t e s t e d  t o  d e te rm in e  t h e i r  e f f e c t  on d i r e c t i o n a l  
r e s p o n s e s  o f  m o t i l e  b a c t e r i a  r e p r e s e n t a t i v e  o f  t h o s e  found i n  
wood d u r in g  d e c o m p o s i t i o n .
3 . 2 .  M a t e r i a l s  and methods
3 . 2 . 1 .  Organisms
B a c t e r i a  used i n  t h i s  s tu d y  were B a c i l l u s  s u b t i l i s  
(NCIB 1103*0  * B a c i l l u s  polymyxa (NCIB 4 7 ^ 7 ) ,  Pseudomonas 
a e r u g i n o s a  (NCIB 1 0 3 ^ 5 )  and A g ro b ac ter iu m  r a d i o b a c t e r  (NCIB 
90^-3) .  S t o c k  c u l t u r e s  o f  each b a c t e r i u m  were m a in t a i n e d  on 
t r y p t o n e  a g a r  ( O x o i d ) ,  e x c e p t  A. r a d i o b a c t e r  which was c u l t u r e d  
on n u t r i e n t  a g a r  ( O x o i d ) ,  and s u b c u l t u r e d  e v e r y  7 d a y s .
3 . 2 . 2 .  Growth and p r e p a r a t i o n  o f  c e l l s
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Two methods o f  c e l l  p r e p a r a t i o n  were u s e d ;  f o r  
B .  s u b t i l i s  and B .  polymyxa th e  method was e s s e n t i a l l y  as  
d e s c r i b e d  by O rdal  & Goldman 0 9 7 5 ) »  and f o r  P .  a e r u g i n o s a  and 
A, r a d i o b a c t e r  th e  method was a s  employed by Moulton & Montie  
( 1 9 7 9 ) •  A l l  m ed ia ,  b u f f e r s ,  s o l u t i o n s  e t c .  were p r e p a r e d  w i th  
double  g l a s s  d i s t i l l e d  w a t e r .
3 . 2 . 3 *  Methods
1 .  ( B .  s u b t i l i s , B .  polym yxa)
5 0 cm^ o f  growth medium, c o n s i s t i n g  o f  1% t r y p t o n e
0*5% NaCl c o n t a i n i n g  0*l4mM CaC l^ i  0*20mM MgCl^
3
and 0*01mM MnCl^i i n  200cm E r le n m e y e r  f l a s k  was
i n o c u l a t e d  with  b a c t e r i a  and i n c u b a t e d  o v e r n i g h t
o 3on a r o t a r y  s h a k e r  a t  150 r . p . m .  and 30 C. 1cm
o f  th e  b a c t e r i a l  s u s p e n s i o n  was t r a n s f e r r e d  t o
3
3 0 cm o f  m in e r a l  s a l t s  medium, a t  pH7, c o n s i s t i n g
o f  0-025M KH^PO^, 0*025M I^HPO^, 0-12mM MgCl2 ,
1•OmM (NHi ) JSO , 0*l4mM CaCl^ ,  0*01mM MnCl„ and 4 2 4 2 2
0-02M s o r b i t o l ^ i n  a 200cm^ E r le n m e y e r  f l a s k .  The 
f l a s k  was in c u b a t e d  a t  37°C f o r  3 hours  with  
r o t a r y  s h a k i n g  ( 1 5 0  r . p . m . ) ;  1 5  m inu tes  p r i o r  t o  
th e  removal  o f  th e  f l a s k  the  s o l u t i o n  was made 5mM 
i n  sodium l a c t a t e  and 0 *0 5 %  i n  g l y c e r o l .
The s u s p e n s i o n  o f  b a c t e r i a  i n  m i n e r a l  s a l t s  
medium was c e n t r i f u g e d  a t  x 3^00g  f o r  10 m inutes  
a t  room t e m p e r a t u r e .  The p e l l e t  o f  b a c t e r i a  was 
r e s u s p e n d ed  i n  10cm^ o f  c h e m o ta x is  b u f f e r ,
t  p l u s  1|jg/cm^ b i o t i n  f o r  B .  po lym yxa.
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c o n s i s t i n g  o f  0*005M K^HPO^, 0-005M KH2PO^,
0 * 1 2mM CaCl2 , 0«3mM ( N H ^ S O ^ ,  0*1mM EDTA, 5mM
sodium l a c t a t e  and 0*05% g l y c e r o l  and c e n t r i f u g e d
a t  x3^-00g f o r  10 m in utes  a t  room t e m p e r a t u r e .
The b a c t e r i a  were washed t w ic e  a s  d e s c r i b e d
b e f o r e  f i n a l l y  b e i n g  resu sp e nd ed  i n  c h e m o ta x i s
6 3b u f f e r ,  a t  a  c o n c e n t r a t i o n  o f  1 x  10  c e l l s / c m  .
M i c r o s c o p i c  o b s e r v a t i o n  i n d i c a t e d  t h a t
a p p r o x i m a t e l y  8 0 - 90% o f  c e l l s  were m o t i l e  a f t e r
t h i s  p r o c e d u r e  and the  f i n a l  d i l u t e d  s u s p e n s i o n  
6 3(1 x 10  c e l l s / c m  ) used f o r  th e  c h e m o ta x is  a s s a y ,
2 .  ( P ,  a e r u g i n o s a , A, r a d i o b a c t e r )
3
50cm o f  growth medium, c o n s i s t i n g  o f  1% N aC l ,
1% t r y p t o n e  and 0*5% y e a s t  e x t r a c t ,  i n  200cm^ 
E r le n m e y e r  f l a s k  was i n o c u l a t e d  w ith  b a c t e r i a  and 
i n c u b a t e d  o v e r n i g h t  a t  35°C on a r o t a r y  s h a k e r  a t  
1 5 0  r . p . m .  1cm^ o f  the  b a c t e r i a l  s u s p e n s i o n  was 
t r a n s f e r r e d  t o  50cm^ o f  m in e r a l  s a l t s  medium, 
c o n s i s t i n g  o f  p e r  l i t r e ,  7 * 0  K^HPO^, 3 * 0  KH2 P 0 ^ ,  
1 - 0 g  (NI^)2SOv  0 * 0 5 g  MgSO^ ?H2 0 ,  2 - 5mg FeCl - 6 ^ 0  
and 4 * 0 g  sodium s u c c i n a t e .  T h i s  was i n c u b a t e d  a t  
3 5 °C on a r o t a r y  s h a k e r  a t  150 r . p . m .  f o r  3 h o u r s .  
The b a c t e r i a l  s u s p e n s i o n  i n  m i n e r a l  s a l t s  medium 
was c e n t r i f u g e d  a t  x 8 0 0 0 g  f o r  10 m inu tes  a t  k°C  
and washed t w i c e  w ith  c h e m o ta x is  b u f f e r , pH71 4 ° C , 
c o n s i s t i n g  o f  0-025M l^HPO^, 0-005M MgCl -6H2 0 and 
0*1mM disodium e t h y l e n e d i a m i n e t e t r a a c e t i c  a c i d
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(EDTA). B a c t e r i a  were f i n a l l y  r e s u s p e n d ed  i n
c h e m o ta x i s  b u f f e r  a t  30°C t o  a c o n c e n t r a t i o n  o f
6 31 x 10 c e l l s / c m  .
3 * 2 . 4 .  P r e p a r a t i o n  o f  wood e x t r a c t s
Sapwood b l o c k s  o f  l im e  ( T i l i a  v u l g a r i s  Hayne),  p in e
( P in u s  s y l v e s t r i s  L . ) ,  b e e c h  ( Fagus s y l v a t i c a  L . )  and
e u c a l y p t u s  ( E u c a l y p t u s  r e g n a n s  M u e l l . ) ,  p r e v i o u s l y  d r i e d  a t
40°C and s t o r e d  i n  am bien t  room c o n d i t i o n s  f o r  p e r i o d s  o f  n o t
l e s s  th a n  t h r e e  months ,  had o u t e r  s u r f a c e s  removed to  a depth
o f  5mm. 10g sam ples  o f  eac h  were c u t  i n t o  a p p r o x i m a t e l y  1 OOmg
3
p i e c e s  and p l a c e d  i n  1 l i t r e  g l a s s  b e a k e r s  w i th  450cm o f  c o l d
s t e r i l e  g l a s s  d i s t i l l e d  w ater  on m agn e t ic  s t i r r e r s  f o r  12 h o u r s .
Wood p i e c e s  were removed and e x t r a c t s  f i l t e r e d  tw ic e  th rough
prewashed Whatmans No.1 f i l t e r  paper  and t w ic e  through
prewashed membrane f i l t e r s  (V/hatmans 0 * 4 5 p )  t o  remove wood
d e b r i s .  E x t r a c t s  were d iv i d e d  i n t o  h a l v e s ,  e a c h  h a l f  made up 
3
t o  250cm with  e i t h e r  c o n s t i t u e n t s  o f  c h e m o ta x i s  b u f f e r  f o r  
method 1 or c o n s t i t u e n t s  o f  c h e m o ta x i s  b u f f e r  f o r  method 2 .
Wood e x t r a c t  s o l u t i o n s  i n  c h e m o ta x i s  b u f f e r  were s t e r i l i s e d  by 
membrane f i l t r a t i o n  (Whatmans 0 * 4 5 p )  and s t o r e d  a t  2°C i n  s t e r i l e ,  
s e a l e d  g l a s s  f l a s k s  u n t i l  u s e .
3 . 2 . 5 *  P r e p a r a t i o n  o f  g l u c o s e ,  amino a c i d  and ammonium s o l u t i o n s
10 M s o l u t i o n s  o f  D - g l u c o s e ,  L - a r g i n i n e  
m onohydroxychlo r ide  and th e  monosodium s a l t  o f  L - g l u t a m i c  a c i d
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i n  a p p r o p r i a t e  c h e m o t a x i s  b u f f e r  were s t e r i l i s e d  by membrane
f i l t r a t i o n  (Whatmans 0*4-5 ) ,  and s t o r e d  a t  2°C i n  s t e r i l e ,
-1
s e a l e d  g l a s s  f l a s k s  u n t i l  u s e .  A 10 M s o l u t i o n  o f  NH^Cl was 
a d j u s t e d  t o  pH? by a d d i t i o n  o f  2M NH^ OH s o l u t i o n ,  and th e  
s o l u t i o n  s t e r i l i s e d  by membrane f i l t r a t i o n  p r i o r  t o  u s e .
3 . 2 . 6 .  Chemotaxis  a s s a y
C a p i l l a r y  tu b e  a s s a y s  were perform ed e s s e n t i a l l y  a s
d e s c r i b e d  by A d le r  ( 1 9 7 3 ) »  E ach  b a c t e r i a l  chamber was
c o n s t r u c t e d  by s e a l i n g  th e  end o f  a 5cm l o n g  m e l t i n g  p o i n t
c a p i l l a r y  t u b e ,  p r i o r  t o  b en din g  i n t o  a U s h a p e ;  th e  U tu be was
th en  l a y e d  on to  th e  s u r f a c e  o f  a  g l a s s  s l i d e ,  and a g l a s s  c o v e r
s l i p  p l a c e d  on top ( F i g .  3 « 1 « ) «  Such chambers were f i l l e d  with
0*3cm^ o f  b a c t e r i a l  s u s p e n s i o n  i n  c h e m o ta x is  b u f f e r  a t  a
6 3c o n c e n t r a t i o n  o f  1 x 10  c e l l s / c m  .
The c a p i l l a r y  t u b e s  f o r  c o n t a i n i n g  the  a t t r a c t a n t
d  Hi  d i s p o s a b l e  m i c r o p i p e t t e s .  I n t r a  END B a lu b r a n d )  were
soaked i n  s t e r i l e  double  g l a s s  d i s t i l l e d  w ater  o v e r n i g h t  and
r i n s e d  p r i o r  t o  u s e .  S m a l l  volumes o f  wood e x t r a c t  i n
c h e m o ta x is  b u f f e r ,  i n d i v i d u a l  a t t r a c t a n t  i n  c h e m o ta x is  b u f f e r
3
and c h e m o ta x is  b u f f e r  a l o n e  were p l a c e d  i n  50cm s t e r i l e  
b e a k e r s .  Washed t u b e s ,  h e a t  s e a l e d  a t  one end and han dled 
with  f o r c e p s  a t  a l l  t i m e s ,  were p l a c e d  with t h e i r  open ends 
immersed i n  th e  s t e r i l e  s o l u t i o n s  i n  th e  b e a k e r s .  These were 
th en  p l a c e d  i n  a vacuum chamber which was e v a c u a t e d  f o r  
a p p r o x i m a t e l y  5 s e c o n d s ,  so  t h a t  on r e l e a s e  o f  th e  vacuum 
the  tu b e s  were a b o u t  two t h i r d s  f u l l .
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Fig. 3.1. Construction of bacterial chamber used in chemotaxis 
assays showing position of micropiperre containing 
at t ractant .
C a p i l l a r y  tu b e s  were removed from th e  b e a k e r s  and
t h e i r  e x t e r i o r s  r i n s e d  i n  a s t r e a m  o f  double  g l a s s  d i s t i l l e d
w a t e r .  A s i n g l e  c a p i l l a r y  tu be  was p l a c e d  on eac h  b a c t e r i a l
chamber with  i t s  open end j u s t  i n s e r t e d  i n t o  th e  b a c t e r i a l
s u s p e n s i o n .  Chambers were p l a c e d  on a p r e h e a t e d  s l i d e  warmer
a t  3 0 °  ± 2°C and in c u b a t e d  f o r  3 0  m i n u t e s ;  th e  warmer was th en
e n c l o s e d  i n  a box to  e x c lu d e  l i g h t .
T r i p l i c a t e  a s s a y s  f o r  each wood e x t r a c t ,  i n d i v i d u a l
a t t r a c t a n t  and c o n t r o l  were c a r r i e d  out with  eac h  b a c t e r i a l
s p e c i e s .  C a p i l l a r i e s  were removed,  r i n s e d  e x t e r n a l l y  i n  a
s t r e a m  o f  s t e r i l e  d i s t i l l e d  w a t e r ,  th e  s e a l e d  end b roke n  o f f
and th e  c o n t e n t s  e j e c t e d  i n t o  10cm^ t r y p t o n e  b r o t h  a t  2°C .
D u p l i c a t e  s e r i a l  d i l u t i o n s  were c a r r i e d  out f o r  e a c h  c a p i l l a r y
i n  t r y p t o n e  b r o t h  a t  2 C, down t o  a 10  ^ d i l u t i o n .  1cnr o f
3 oe a c h  d i l u t i o n  was mixed with  2cnr s o f t  t r y p t o n e  a g a r  a t  k7°C  
and poured o v e r  p l a t e s  o f  s o l i d  growth media .  P l a t e s  were
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i n c u b a t e d  a t  3 0 ° C ,  and growth m o n i t o r e d .  Counts  were u n d e r ta k e n  
a f t e r  2 4 - 4 8  h o u rs  on p l a t e s  c o n t a i n i n g  between 3 0 - 3 0 0  c o l o n i e s ,  
e x c e p t  i n  th e  c a s e  o f  a  s m a l l  number o f  c o n t r o l  p l a t e s ,  i n  
which s o  few b a c t e r i a l  c e l l s  e n t e r e d  th e  c a p i l l a r y  t h a t  o n ly  
3 - 4  c o l o n i e s  d e v e lo p e d ,  even a t  th e  10  d i l u t i o n .
3 . 3 .  R e s u l t s
Numbers o f  b a c t e r i a  which e n t e r e d  c a p i l l a r i e s  with  
and w i th o u t  a t t r a c t a n t s  a r e  shown i n  T a b l e  3 . 1 .  V a lu e s  a r e  
means o f  s i x  c o u n t s  d e r i v e d  from d u p l i c a t e  s e r i a l  d i l u t i o n s  o f  
t r i p l i c a t e  d e t e r m i n a t i o n s ,  and a r e  shown with  t h e i r  s t a n d a r d  
d e v i a t i o n s ,  which i n d i c a t e  t h a t  th e  d a ta  a r e  s t a t i s t i c a l l y  
m e a n i n g f u l .  The t a b l e  a l s o  shows t h a t  f o r  each  b a c t e r i a l  
s p e c i e s  v a r i a t i o n s  o c c u r  i n  numbers o f  c e l l 6  which a c c u m u la te  
i n  c o n t r o l  c a p i l l a r i e s  between e x p e r i m e n t s .  Such v a r i a t i o n s  
due t o  minor day t o  day d i f f e r e n c e s  i n  b a c t e r i a l  m o t i l i t y  
and p h y s i o l o g i c a l  s t a t u s  makes com par isons  between t r e a t m e n t s  
and t e s t s  u n d e r t a k e n  on d i f f e r e n t  days d i f f i c u l t  to  a s s e s s .  To 
overcome t h i s  prob lem ,  the  r e s u l t s  a r e  e x p r e s s e d  a s  r a t i o s  o f  
numbers o f  b a c t e r i a  which ac c u m u la te  i n  c a p i l l a r i e s  c o n t a i n i n g  
a t t r a c t a n t s  t o  t h o s e  numbers which a c c u m u la te  i n  c o n t r o l s  
( T a b l e  3 . 2 . ) .
R e s u l t s  p r e s e n t e d  i n  T a b le  3 . 2 .  c l e a r l y  i n d i c a t e  t h a t  
w i th  the  e x c e p t i o n  o f  B ,  s u b t i l i s , which did no t  d e m o n s tra te  
t a c t i c  b e h a v io u r  t o  g l u c o s e  a t  10 M c o n c e n t r a t i o n ,  a l l  b a c t e r i a  
responded c h e m o t a c t i c a l l y  t o  a l l  f o u r  wood e x t r a c t s  and 
i n d i v i d u a l  n u t r i e n t s  i n  s o l u t i o n .  D i f f e r e n c e s  e x i s t e d ,  however ,
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b o t h  i n  magnitude o f  r e s p o n s e s  de m onstra te d  by th e  same 
organism  t o  d i f f e r e n t  t e s t  s u b s t a n c e s ,  and between d i f f e r e n t  
b a c t e r i a  t o  th e  same s u b s t a n c e .  Maximum r e s p o n s e s  were shown 
t o  wood e x t r a c t s  by B .  s u b t i l i s , B .  polymyxa and A. r a d i o b a c t e r , 
whereas  P .  a e r u g i n o s a  showed g r e a t e s t  t a c t i c  r e s p o n s e s  t o  amino 
a c i d s  and ammonium i o n s .
B .  s u b t i l i s  d e m o n s tra te d  a v a r i a b l e  r e s p o n s e  t o  the  
d i f f e r e n t  wood e x t r a c t s ,  r a n g i n g  from 5 * 9 : 1  f o r  b e e c h  e x t r a c t ,  
1 1 * 0 : 1  f o r  e u c a l y p t  e x t r a c t ,  1 5 * 8 : 1  f o r  p in e  e x t r a c t  t o  2 0 * 3 : 1  
f o r  l im e  e x t r a c t ,  the  r e s p o n s e  t o  l im e  e x t r a c t  by B .  s u b t i l i s  
b e i n g  the  h i g h e s t  r e s p o n s e  r a t i o  r e c o r d e d  d u r in g  th e  
i n v e s t i g a t i o n .  B.  polymyxa showed s i m i l a r  r e s p o n s e  r a t i o s  o f  
a p p r o x i m a t e l y  1 0 * 5 : 1  f o r  a l l  th e  wood e x t r a c t s .  Both  b a c i l l i  
responded more or l e s s  e q u a l l y  t o  d i f f e r e n t  amino a c i d s ;
B .  s u b t i l i s  had a r e s p o n s e  r a t i o  o f  6 * 6 : 1  f o r  g lu t a m ic  a c i d ,  
and B .  polymyxa a r a t i o  o f  6 * 5 : 1  f o r  a r g i n i n e .
A. r a d i o b a c t e r  was t e s t e d  on ly  a g a i n s t  p in e  and 
e u c a l y p t  e x t r a c t s .  I n  th e  p r e s e n c e  o f  e u c a l y p t  e x t r a c t  th e  
r e s p o n s e  r a t i o  was 7 * 7 : 1 »  whereas  o n ly  a l i m i t e d  r e s p o n s e  o f  
3 * 0 : 1  was shown towards p in e  e x t r a c t .  A. r a d i o b a c t e r , however,  
showed a r e s p o n s e  r a t i o  o f  6 * 5 : 1  to  a r g i n i n e ,  which was 
com parable  t o  t h a t  f o r  B .  polymyxa t o  th e  same amino a c i d .
P .  a e r u g i n o s a  showed r e l a t i v e l y  c o n s i s t e n t  r e s p o n s e  
r a t i o s  o f  a p p r o x i m a t e l y  6 : 1  t o  wood e x t r a c t s ,  whereas r e s p o n s e s  
t o  amino a c i d s  were a s  h ig h  a s  1 7 * 9 : 1  f o r  a r g i n i n e ,  and 9 * 8 : 1  
f o r  g lu t a m ic  a c i d .  P .  a e r u g i n o s a  a l s o  de m on stra te d  p o s i t i v e  
t a c t i c  r e s p o n s e s  t o  ammonium i o n s ,  th e  r e s p o n s e  r a t i o  o f  9 * 8 : 1  











Table 3.1. Numbers of bacteria in capillaries containing test solutions and controls. Figures represent 
means of three replicates and their standard deviations.
Numbers of bacteria
B subtilis B polymyxa
Solution Control Solution Control
1300± £1 6-5+10 3-3+0-2 0-3i0-15
20-5+40 1-3+0-8 15-6+1-6 1-3+03
16-0+4-7 27+1-7 27+07 0-28+0-15
3-5 +0-9 0-3+0-13 117+1-6 13+0-3
N.D. 27-6+4 6 4-3+0-2
11-8 2-6 1 8 -1-2 N.D.
17+0-4 1- 8+1-2 13-9+0-8 4-3+0-2
N.D. N.D.
in capillaries (x103) -------------------------------------------------
P aeruginosa A radiobacter
Solution Control Solution Control
132-0i24 24-5+9-3 N.D.
138 0+20 24-5+9-3 4-0+01 1-4+0-05
179-0+18-5 29-7+3-8 N.D.
180-3+537 29-7+3-8 9-5+0-48 1-4+0-05
71-3+26-9 4 0+071 10-5+0-5 1-6+0-28
39-3 20-6 4-0 071 N.D.
14-5+0-2 5-2+1-1 5-5+0-48 1-6+0-28
39-3+18-2 4-0+071 N.D.
N.D. not determined
Table 3.2. Ratios of numbers of bacteria in capillaries containing test solutions relative to numbers of
bacteria in control capillaries.
Test solution B subtilis B polvmvxa P aeruainosa A radiobacter
Lime extract 20-3:1 11-6:1 5-5 -.1 N.D.
Pine extract 15-8:1 11-8:1 5 7:1 30:1
Beech extract 5-9:1 9-5:1 6-0:1 N.D.
Eucalypt extract 11-0:1 8 8-1 6-1:1 7-1:1
Arginine N.D. 6 5:1 17-9:1 6-5:1
Glutamic acid 6 6-1 N.D. 9-8:1 N.D.
Glucose 0-9:1 3-3:1 3-6:1 3-4:1
NH3/NH4+ N.D. N.D. 9-8:1 N.D.
N.D. not determined
Table 3.3. Ratio of numbers of bacteria which accumulated in capillaries conraining amino acid and
ammonium attracrants to numbers in capillaries containing glucose
B. subtilis B. polymyxa R aeruginosa A. radiobacter
Arginine 2 0 : 1 50 -1 19:1
Glutamic acid 73:1 t 2 7:1
Ammonium 2 7:1
t no response by this bacteria to glucose
A p art  from B .  s u b t i l i s , which did n o t  respond t o  the  
p r e s e n c e  o f  g l u c o s e ,  the  t h r e e  o t h e r  b a c t e r i a  d e m o n s tra te d  
c o n s i s t e n t ,  i f  somewhat l i m i t e d ,  r e s p o n s e s  t o  the  c a r b o h y d r a t e .  
The r e s p o n s e s  were above 2 : 1  i n  e ach  c a s e ,  and can t h e r e f o r e  be 
c o n s i d e r e d  s i g n i f i c a n t  w ith  B .  po lymyxa, P .  a e r u g i n o s a  and 
A. r a d i o b a c t e r  d e m o n s t r a t i n g  r e s p o n s e s  o f  3 * 3 : 1 ,  3 * 6 : 1  and 
3 * 4 : 1  r e s p e c t i v e l y .
3 . 4 .  D i s c u s s i o n
P r i o r  t o  e x p e r i m e n t s  d e s c r i b e d  i n  t h i s  c h a p t e r ,  
e x t e n s i v e  p r e l i m i n a r y  work was u n d e r ta k e n  t o  d e te rm in e  i f  
b a c t e r i a  which had been p r e v i o u s l y  t e s t e d  f o r  c h e m o t a c t i c  
r e s p o n s e s  t o  b o t h  n u t r i e n t  and t o x i c  m a t e r i a l s  by o t h e r  workers  
cou ld  be shown t o  respond t o  wood e x t r a c t .  For  t h i s  purpose  
E s c h e r i c h i a  c o l i  (NCIB 9 5 2 7 )  was c hose n  a s  i t s  c h e m o t a c t i c  
r e s p o n s e s  have been s t u d i e d  i n  g r e a t  d e t a i l ,  and i t s  mo t i l i t y  
and n u t r i t i o n a l  r e q u i r e m e n t s  were w e l l  u n d e rs to o d  ( A d l e r ,  1 9 6 6 ; 
A dler  & Dahl,  1 9 6 7 ;  A dler  & T em p le to n ,  1 9 6 7 ;  A d l e r ,  19 6 9 ? A d l e r ,  
1 9 7 3 ;  A d l e r ,  H az e lb a u e r  & D a h l ,  1 9 7 3 ;  Tso & A d l e r ,  1 9 7 4 ) .
T h i s  p r e l i m i n a r y  work was u n d e r ta k e n  with  water 
s o l u b l e  e x t r a c t s  o f  l im e ( T i l i a  v u l g a r i s  H ay ne) ,  a s  t h i s  wood 
had been shown t o  be h i g h l y  decay s u s c e p t i b l e  i n  s o i l  d u r in g  
p r e v i o u s  work a t  Dundee C o l l e g e  o f  T e c h n o lo g y ,  e s p e c i a l l y  when 
c o n t a i n i n g  s o l u b l e  s u r f a c e  n u t r i e n t s .  Such s u r f a c e  n u t r i e n t s  
when e x t r a c t e d  from l im e  have been  shown t o  c o n t a i n  a wide 
range  o f  w ate r  s o l u b l e  n u t r i e n t s ,  e . g .  g l u c o s e  and a r g i n i n e  
(Nayagam, p e r s . comm. ) .  I n i t i a l l y  E .  c o l i  was a l s o  t e s t e d
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w ith  th e  amino a c i d  s e r i n e  and a s im p le  s u g a r ,  g a l a c t o s e ,  t o  
d e te rm in e  th e  degree  o f  i t s  c h e m o t a c t i c  r e s p o n s e .  These  
compounds had been shown by A d le r  ( 1 9 6 9 ) t o  e l i c i t  marked 
r e s p o n s e s  from t h i s  o r g a n is m .  I t  was o b v iou s  t h a t  i f  th e  
organism f a i l e d  t o  re sp o n d  t o  w ater  s o l u b l e  wood e x t r a c t s ,  but  
was a t t r a c t e d  t o  s e r i n e  and g a l a c t o s e ,  i t  c o u ld  be assumed t h a t  
such  wood e x t r a c t s  did  n o t  a c t  a s  a t t r a c t a n t s .  The r e s u l t s  o f  
t h i s  i n i t i a l  i n v e s t i g a t i o n  showed t h a t  E .  c o l i  was s t r o n g l y  
a t t r a c t e d  t o  b o th  w ater  s o l u b l e  e x t r a c t s  o f  l im e  and t o  s o l u t i o n s  
o f  b o th  s e r i n e  and g a l a c t o s e , and t h a t  f u r t h e r  work on b a c t e r i a l  
d i r e c t i o n a l  r e s p o n s e s  t o  wood e x t r a c t s  s h o u ld  be u n d e r t a k e n .
E .  c o l i  i s  n o t  n o r m a l l y  a s s o c i a t e d  with  wood or s o i l  
h a b i t a t s  u n l e s s  a s  a c o n t a m i n a n t ,  and media deve loped  f o r  
E .  c o l i  a r e  n o t  n e c e s s a r i l y  s u i t a b l e  f o r  c l a s s e s  o f  b a c t e r i a  
more u s u a l l y  found i n  such  e n v i r o n m e n t s .  I t  was e s t a b l i s h e d  
from the  l i t e r a t u r e  t h a t  B a c i l l u s  s u b t i l i s , B a c i l l u s  po lym y xa , 
Pseudomonas a e r u g i n o s a  and A g ro b a c ter iu m  s p p .  a r e  commonly 
found i n  wood (DeGroot & J o h n s o n ,  1 9 7 6 ) ,  and i t  was c o n s i d e r e d  
t h a t  t h e s e  r e p r e s e n t a t i v e s  o f  Gram p o s i t i v e  and Gram n e g a t i v e  
m o t i l e  organism s might be u s e f u l  c a n d i d a t e s  f o r  c h e m o t a c t i c  
s t u d i e s .  F u r t h e r ,  a s t r a i n  o f  B a c i l l u s  s u b t i l i s  (NCIB 1103^  
s t r a i n  B)  was a v a i l a b l e  from the N a t i o n a l  C o l l e c t i o n  o f  
I n d u s t r i a l  B a c t e r i a ,  which had been i s o l a t e d  from w ater  s t o r e d  
S i t k a  sp ru ce  (Ward & F o g a r t y ,  1 9 7 2 ) .  A q u a t i c  e n v iro n m en ts  a r e  
e s s e n t i a l  f o r  e l i c i t i n g  c h e m o t a c t i c  r e s p o n s e s ,  and wood s t o r e d  
i n  such  en v iro n m en ts  might w e l l  be c o n s i d e r e d  to  b e ,  a t  l e a s t  
p a r t i a l l y ,  s e l e c t i v e  f o r  c h e m o t a c t i c  b a c t e r i a .
The c o m p o s i t io n  o f  media f o r  b a c t e r i a l  growth and
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m ain te n an c e  p r i o r  to  c h e m o t a x i s  a s s a y s  a r e  d e f i n e d  by th e  need 
t o  in d u c e  and s u s t a i n  v e r y  h ig h  l e v e l s  o f  m o t i l i t y ,  and as  
s u c h  t h e y  may be h i g h l y  s p e c i f i c  t o  i n d i v i d u a l  o r g a n is m s ,  o r  
even s t r a i n s .  Such media may be com plex ,  and s h o u ld  n o t  
c o n t a i n  m a t e r i a l s  l i k e l y  t o  e l i c i t  c h e m o t a c t i c  r e s p o n s e s .  
Whereas B .  s u b t i l i s  and P .  a e r u g i n o s a  had been s t u d i e d  i n  
r e l a t i o n  t o  c h e m o t a x i s ,  no i n f o r m a t i o n  was a v a i l a b l e  f o r  
B .  polymyxa or  A. r a d i o b a c t e r . I t  was d e c i d e d ,  t h e r e f o r e ,  
b e c a u s e  o f  the  s i m i l a r i t i e s  between c e l l  w a l l s  o f  t h e s e  
o r g a n i s m s ,  t o  a p p ly  th e  methods deve loped  f o r  th e  Gram p o s i t i v e  
B .  s u b t i l i s  t o  B .  po lym y xa , and t h a t  f o r  the  Gram n e g a t i v e  
P .  a e r u g i n o s a  t o  A. r a d i o b a c t e r . B .  po lym yxa, however,  i s  
a u x o t r o p h i c  f o r  b i o t i n ,  and i t  was n e c e s s a r y  t o  amend minimal 
growth media w i th  t h i s  v i t a m i n  a t  a  c o n c e n t r a t i o n  of. I p g /c m ^ .  
A part  from t h i s ,  th e  media and b u f f e r s  developed by Ordal  & 
Goldman ( 1 9 7 5 )  t o r  B .  s u b t i l i s  was used f o r  B .  polym yxa . 
S i m i l a r l y ,  th e  media d e s c r i b e d  by Moulton & Montie ( 1 9 7 9 )  t o r  
P ,  a e r u g i n o s a  were a l s o  used f o r  A. r a d i o b a c t e r .
M i c r o s c o p i c  e v a l u a t i o n  showed t h a t  s t r i c t  ^adherence 
t o  the  methods i n  the l i t e r a t u r e  worked w e l l  f o r  th e  b a c i l l i .  
Both  showed over  90% o f  c e l l s  were m o t i l e  i n  c h e m o ta x is  b u f f e r ,  
such  m o t i l i t y  l e v e l s  b e i n g  m a in ta i n e d  f o r  a t  l e a s t  60 m in u te s ,  
a d u r a t i o n  t w ic e  as  l o n g  a s  r e q u i r e d  f o r  th e  c h e m o ta x is  a s s a y .  
The method developed f o r  th e  P .  a e r u g i n o s a  s t r a i n  used by 
Moulton & Montie  ( 1 9 7 9  0£.» c i t . )  a l s o  worked w e l l  on th e  
P .  a e r u g i n o s a  s t r a i n  used i n  t h i s  i n v e s t i g a t i o n ,  w ith  90% o f  
th e  c e l l s  b e i n g  m o t i l e  f o r  a t  l e a s t  60  m i n u t e s .  The method 
did n o t  t r a n s f e r  q u i t e  a s  s u c c e s s f u l l y  to  A. r a d i o b a c t e r , and
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t h e  maximum m o t i l i t y  a c h i e v e d  was 70 % o f  the  c e l l s  f o r  60 
m i n u t e s .  I t  was c o n s i d e r e d ,  however ,  t h a t  t h i s  d e g re e  o f  
m o t i l i t y  was a d e q u a te  f o r  th e  c h e m o ta x is  a s s a y .
As a l r e a d y  s t a t e d ,  i n t e r p r e t a t i o n  o f  r e s u l t s  i s  
d i f f i c u l t ,  due t o  day t o  day v a r i a t i o n s  i n  numbers o f  b a c t e r i a  
i n  c o n t r o l  t u b e s .  Such f l u c t u a t i o n s  a r e  a normal f e a t u r e  i n
chemotaxis assays, and Adler (1973) obtained a standard
, - 2  
d e v i a t i o n  o f  17% when t e s t i n g  E .  c o l i  a g a i n s t  10  M L - g l u t a m a t e
ove r  a p e r i o d  o f  23  d a y s ,  w i th  a b s o l u t e  numbers r a n g i n g  from 
5 32 - 3  x 10 t o  5 * 5  x  10 p e r  c a p i l l a r y .  To overcome t h i s
p ro b le m ,  Gotz e_t. a l .  ( 1 9 8 2 )  i n t r o d u c e d  a ’ s t a n d a r d  c e l l  c o u n t '
i n  o rd e r  t o  c o r r e c t  v a l u e s  o b t a i n e d  on a day t o  day b a s i s .  The
s t a n d a r d  was d e te rm in e d  a s  th e  mean number o f  c e l l s  o f
Rhizobium which e n t e r e d  c a p i l l a r i e s  c o n t a i n i n g  1 0  M p r o l i n e  and
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de te rm in e d  as  3 x 10 b a c t e r i a .  During e ach  t e s t  a p r o l i n e  
s t a n d a r d  was a l s o  u n d e r ta k e n  and c e l l  numbers i n  o t h e r  
c a p i l l a r i e s  n o r m a l i s e d  on the  b a s i s  o f  t h i s  r e s u l t .  Moulton & 
Montie  ( 1 9 7 9 )  normalised day t o  day v a r i a t i o n s  i n  c o u n t s  by 
e x p r e s s i n g  the  r e s u l t s  a s  a r a t i o  o f  th e  numbers ac c u m u la te d  i n  
a t t r a c t a n t  c a p i l l a r i e s  t o  t h o s e  i n  th e  c o n t r o l s .  T h is  r e l a t i v e  
r e s p o n s e  was c o n s i d e r e d  to  be s i g n i f i c a n t  a t  a v a lu e  o f  2 * 0  or 
g r e a t e r ,  and was th~ method adopted i n  t h i s  i n v e s t i g a t i o n .
Such r e s p o n s e  r a t i o s  remained r e l a t i v e l y  c o n s t a n t  i n  p r e l i m i n a r y  
work p r i o r  to  t h i s  i n v e s t i g a t i o n ,  u s i n g  both  E .  c o l i  and 
B .  s u b t i l i s , r e s p o n s e s  i n  b o th  c a s e s  b e i n g  g r e a t e r  th an  2 » 0 : 1 .  
When r e s u l t s  o f  e x p e r im e n t s  d e s c r i b e d  i n  t h i s  c h a p t e r  a r e  
exam in ed,  i t  i s  a p p a r e n t  t h a t  t h e r e  a r e  c l e a r  c u t  d i f f e r e n c e s  
i n  th e  magnitude o f  r e s p o n s e s  d e m on stra te d  by d i f f e r e n t
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b a c t e r i a  t o  th e  same wood e x t r a c t ,  e . g .  B. s u b t i l i s  showed a
r e s p o n s e  o f  2 0 * 3 : 1  t o  l im e  e x t r a c t ,  whereas th e  r e s p o n s e  o f
P .  a e r u g i n o s a  was 5 * 5 : 1  , or  i n d i v i d u a l  n u t r i e n t ,  and by the
same b a c t e r i u m  t o  d i f f e r e n t  t e s t  s u b s t a n c e s .  G e n e r a l l y ,
however ,  maximum r e s p o n s e s  were shown t o  wood e x t r a c t s  with  the
e x c e p t i o n  o f  P ,  a e r u g i n o s a , which d e m o n s tra te d  g r e a t e s t
r e s p o n s e s  t o  i n d i v i d u a l  amino a c i d s .
The d i f f e r e n c e s  i n  magnitude o f  r e s p o n s e s  between
wood e x t r a c t s  and i n d i v i d u a l  n u t r i e n t s  i s  d i f f i c u l t  to  a s s e s s
b e c a u s e  o f  th e  u n d e f in e d  n a t u r e ,  i n  te rm s o f  c o n t e n t  and
c o n c e n t r a t i o n ,  o f  th e  wood e x t r a c t s .  Nayagam op. c i t . showed
t h a t  1%  o f  wood mass may e x i s t  a s  w ater  s o l u b l e  c a r b o h y d r a t e s ,
w ith  s m a l l e r  p r o p o r t i o n s  o f  amino a c i d s  and o t h e r  u n d e f in e d
m a t e r i a l s .  Assuming a mean m o l e c u l a r  mass o f  c a r b o h y d r a t e s  and
o t h e r  n o n - s p e c i f i c  n u t r i e n t s  t o  be 2 0 0 ,  th en  th e  s o l u t i o n s  o f
wood e x t r a c t s  used i n  t h e s e  i n v e s t i g a t i o n s  would have had a
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c o n c e n t r a t i o n  o f  a p p r o x i m a t e l y  10  M o f  such s o l u b l e  n u t r i e n t s
which would have s t i m u l a t e d  v e ry  s i g n i f i c a n t  c h e m o t a c t i c  r e s p o n s e s .
The c o n c e n t r a t i o n  c hose n  f o r  th e  i n d i v i d u a l  n u t r i e n t s
( 1 0  M) was one commonly found by o t h e r  w orkers  t o  e l i c i t
maximum r e s p o n s e s  from b a c t e r i a  t o  a wide v a r i e t y  o f  amino a c i d s
and s u g a r s .  T h i s  i s ,  however ,  a g e n e r a l  s t a t e m e n t ,  and
v a r i a t i o n  e x i s t s  between b a c t e r i a l  s p e c i e s  and t h e i r  r e s p o n s e s
t o  d i f f e r e n c e s  o f  c o n c e n t r a t i o n  i n  i n d i v i d u a l  components .
Although peak r e s p o n s e s  o c c u r  a t  c o n c e n t r a t i o n s  o f  i n d i v i d u a l
- 3  -1
compounds between 10 M -  10  M, b a c t e r i a  a r e  v e r y  s e n s i t i v e
t o  even v e ry  d i l u t e  c o n c e n t r a t i o n s ,  and c h e m o t a x i s  i s
- 7
d e m o n s tra te d  by some b a c t e r i a  a t  10 M c o n c e n t r a t i o n s  o f
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some amino a c i d s .  D e c r e a s i n g  the  c o n c e n t r a t i o n  o f  the 
a t t r a c t a n t  d e c r e a s e s  th e  r e s p o n s e ,  u n t i l  l e v e l s  o f  n u t r i e n t  
c o n c e n t r a t i o n  a r e  so  low t h a t  no c h e m o t a c t i c  r e s p o n s e s  a r e  
d e m o n s t r a t e d .
The g r e a t e r  r e s p o n s e  by a l l  f o u r  b a c t e r i a  t o  amino
a c i d s  r a t h e r  t h a n  th e  g l u c o s e  i s  s i m i l a r  t o  t h a t  found i n
E .  c o l i , which a l s o  respond ed  more p o s i t i v e l y  t o  amino a c i d s
r a t h e r  than  th e  s u g a r s  (M esibov  & A d l e r ,  1 9 7 2 ) .  G i t t e  e j t .  a l .
( 1 9 7 8 ) d e m o n s tra te d  t h a t  Phizobiu m s t r a i n s  t e s t e d  a l s o  showed
m arkedly  g r e a t e r  r e s p o n s e s  t o  amino a c i d s  r a t h e r  th an  s u g a r s .
T a b l e  3 *3«  shows r e s p o n s e s  by P .  a e r u g i n o s a  and B .  polymyxa
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t o  amino compounds a t  1 0  M t o  be s i g n i f i c a n t l y  g r e a t e r  th an  
t h e  r e s p o n s e  t o  g l u c o s e ,  a l s o  a t  10 M. The r e s p o n s e  by 
A. r a d i o b a c t e r  i s  a l s o  g r e a t e r  t o  th e  amino a c i d  r a t h e r  th a n  
g l u c o s e ,  but i s  j u s t  below the  s i g n i f i c a n c e  l e v e l  o f  2 : 1 .  The 
r a t i o  o f  7 * 3 : 1  f o r  B .  s u b t i l i s  i s  n o t  m e a n i n g f u l ,  however ,  
b e c a u s e  o f  th e  l a c k  o f  a r e s p o n s e  by t h i s  organism  t o  g l u c o s e .
No work d e s c r i b e d  i n  th e  l i t e r a t u r e  t o  date  has  
i n v e s t i g a t e d  r e s p o n s e s  o f  b a c t e r i a  t o  mixed s o l u t i o n s ,  and 
s u c h  mixed s o l u t i o n s  might e l i c i t  g r e a t e r  c h e m o t a c t i c  r e s p o n s e s  
th a n  s i n g l e  s u b s t a n c e s ,  however ,  much more work i s  n e c e s s a r y  i n  
t h i s  a r e a .
The r e s u l t s  p r e s e n t e d  i n  t h i s  c h a p t e r  show 
c o n c l u s i v e l y  t h a t  th e  b a c t e r i a  u s e d ,  r e p r e s e n t a t i v e  o f  wood 
i n h a b i t i n g  g e n e r a ,  d e m o n s tra te  v e ry  p o s i t i v e  r e s p o n s e s  t o  w ater  
s o l u b l e  e x t r a c t s  o f  wood. Even th o s e  wood s p e c i e s  very  low i n  
s o l u b l e  n u t r i e n t s ,  e . g .  b e e c h  and e u c a l y p t  e l i c i t  v e ry  
s i g n i f i c a n t  r e s p o n s e s .  I t  s h o u ld  be n o t e d ,  however ,  t h a t  i n
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th e  pure  c u l t u r e  s y s te m s  deve loped  f o r  b a c t e r i a l  c h e m o ta x i s  
a s s a y s ,  c o n d i t i o n s  a r e  o p t i m i s e d  f o r  maximum m o t i l i t y  and 
r e s p o n s e ,  and t h a t  th e  c h e m o t a x i s  a s s a y s  were c a r r i e d  out i n  
b u f f e r e d  s o l u t i o n s  a t  pH7, whereas  the  wood e x t r a c t s  had pH 
v a l u e s  o f  a p p r o x i m a t e l y  5 * 3 *  Bowra & D i lw o r th  ( 1 9 8 1 )  
d e m o n s tra te d  t h a t  m o t i l i t y  i n  Rhizobium leguminosarum was 
o p t im a l  between pH5 * 5  -  8 * 0 , and r a p i d l y  d e c r e a s e d  below pH5 «5 * 
becoming a b s e n t  a t  pH^f*^. A d le r  & Templeton (19&7)  and A d le r  
(*1973) showed o p t im a l  pH v a l u e s  o f  between 6 and 7 * 5  f o r  m o t i l i t y  
i n  E .  c o l i ; below pH6 m o t i l i t y  d e c r e a s e d ,  and th e  organism  was 
n o n - m o t i l e  a t  pHA. F u r t h e r  work i s  n e c e s s a r y  t o  d e te rm in e  the  
e f f e c t s  o f  d e c r e a s i n g  pH on th e  degree  to  which c h e m o ta x i s  
t a k e s  p l a c e  to  wood e x t r a c t s .  I t  i s  u n l i k e l y ,  however,  t h a t  on 
l e a c h i n g  from wood t o  s o i l  th e  pH o f  such  l e a c h a t e s  would 
rem ain  u n a f f e c t e d  by the  complex b u f f e r i n g  s y s te m  p r e s e n t  i n  
s o i l .  I o n  exchange  between l e a c h a t e  and c l a y s  and c o l l o i d a l  
o r g a n i c  m a t t e r  would o c c u r ,  a f f e c t i n g  i t s  pH v a l u e .  The amount 
o f  i n s o l u b l e  c a r b o h y d r a t e s  and th e  p r e s e n c e  o f  h y d r o x id e s  
would a l s o  s i g n i f i c a n t l y  a f f e c t  pH v a l u e s ,  and th e  pH o f  
l e a c h a t e s  from wood would be a s  much dependent on th e  s o i l s  
b u f f e r i n g  c a p a c i t y  a s  on th e  wood i t s e l f .
B a c t e r i a  have been  shown t o  be pr im ary  c o l o n i s e r s  o f
b o th  u n t r e a t e d  and copper  chrome a r s e n i c  t r e a t e d  wood i n  s o i l
(Clubbe  8c L evy ,  1 9 8 2 ) .  C h e m o t a c t i c a l l y  m ed ia ted  movement
o f  b a c t e r i a  t o  wood from s o i l  may e x p l a i n  t h e i r  e a r l y  i s o l a t i o n
i n  such  c o l o n i s a t i o n  s t u d i e s .  B a e c k e r  ( 1 9 8 1 ) showed t h a t
a c t i n o m y c e t e  s p e c i e s  a l o n e  may be p r e s e n t  i n  wood a t
8 —1p o p u l a t i o n  l e v e l s  g r e a t e r  th a n  1 x 1 0  gm , and t h e s e  may
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r e p r e s e n t  on ly  a s m a l l  p a r t  o f  th e  t o t a l  numbers o f  b a c t e r i a  i n  
wood d u r in g  d e c o m p o s i t i o n ;  King ej t .  a l .  ( 1 9 8 0 ) have d e m o n s tra te d  
t h a t  a t  t h e s e  numbers b a c t e r i a  can c o n t r i b u t e  s i g n i f i c a n t  
amounts o f  n i t r o g e n  t o  wood, t h e r e b y  i n c r e a s i n g  i t s  n u t r i e n t  
s t a t u s *
Of n o t a b l e  i n t e r e s t  i s  th e  r e q u i r e m e n t  by b a c t e r i a  o f  
e n v iro n m en ts  f r e e  from heavy m e t a l s  i f  th e y  a r e  t o  be 
s i g n i f i c a n t l y  m o t i l e .  Heavy m e t a l s  i n h i b i t  b a c t e r i a l  m o t i l i t y  
by com plex in g  w ith  f l a g e l l a ,  som et imes  t o  such a d e g re e  t h a t  
m o t i l i t y  i s  l o s t  (Bowra & D i l w o r t h ,  1 9 8 1 ) ,  and i n  t h i s  
i n v e s t i g a t i o n  a c h e l a t i n g  a g e n t ,  EDTA, was added t o  media t o  
e f f e c t i v e l y  remove such  heavy m eta l  i o n s  from s o l u t i o n .
Bowra & D i lw o r t h  ( 1 9 8 1  op.  c i t * )  d e m o n s tra te d  t h a t  o m is s i o n  o f  
EDTA from s o l u t i o n s  p r e v i o u s l y  t e s t e d  w ith  C h e l a x - 1 0 0  r e s i n  to  
remove heavy m e ta l  i o n s ,  s u b s e q u e n t l y  f o l l o w e d  by a d d i t i o n s  
o f  Cu^+ a t  c o n c e n t r a t i o n s  a s  low as  10pM, i n h i b i t e d  m o t i l i t y  
c o m p l e t e l y ,  b u t  did n o t  k i l l  the  o rg an is m .
The im p ortan c e  o f  heavy m e ta l  f l a g e l l a  com plexes  may 
be c o n s i d e r a b l e  i n  d e c o m p o s i t i o n  o f  copper  chrome a r s e n i c  
t r e a t e d  wood i n  s o i l .  B a c t e r i a  d e m o n s t r a t i n g  p o s i t i v e  
c h e m o ta x is  t o  n u t r i e n t s  l e a c h i n g  from wood may be r e n d e r e d  
n o n - m o t i l e  by copper  chrome a r s e n i c  components i n  th e  wood, 
r e s u l t i n g  i n  b a c t e r i a l  a c c u m u l a t i o n .  I f  th e  copper chrome 
a r s e n i c  l e a c h e s  to  s o i l  from t r e a t e d  wood, as  r e c e n t l y  
de m on stra te d  a t  t h i s  l a b o r a t o r y  ( B r i s c o e  p e r s .  comm.),
th e n  b a c t e r i a  would be im m o b i l i s e d  i n  
t h a t  r e g i o n  o f  the  s o i l  w i th  i n c r e a s e d  heavy m eta l  
c o n c e n t r a t i o n s .  Such c o n c e n t r a t i o n s  o f  heavy m e t a l s ,
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e s p e c i a l l y  c o p p e r ,  may n o t  be t o x i c ,  b u t  due t o  i n h i b i t i o n  o f  
m o t i l i t y  b iom ass  b u i l d  up may o c c u r  i n  t h e s e  a r e a s .
I f  copper i s  p r e s e n t  a t  t o x i c  l e v e l s  i n  the  wood, th e n  
b a c t e r i a l  p r o d u c t s  from l y s e d  c e l l s  may c h e l a t e  or complex w ith  
cop p e r  chrome a r s e n i c  components ,  making such  components 
u n a v a i l a b l e  to  a c t  a s  t o x i c a n t s .  Copper c h e l a t e d  by c e l l  p r o d u c t s  
and t h e r e f o r e  r e t a i n e d  i n  s o l u t i o n  would be e a s i l y  l e a c h e d  from 
wood. F u r t h e r m o r e ,  most  m e t a l  i o n s  c h e l a t e  r e a d i l y  w ith  
c a r b o x y l i c  and amino groups which may a l s o  be p r e s e n t  i n  wood 
s u r f a c e s  i n  l a r g e  am ounts ,  due t o  r e d i s t r i b u t i o n  o f  n u t r i e n t s  
d u r in g  d r y i n g .  B e v e r i d g e  & Murray ( 1 9 7 6 )  have shown t h a t  c e l l  
w a l l  f ra g m e n ts  o f  B .  s u b t i l i s  s e l e c t i v e l y  a d s o r b  and r e t a i n  
m e t a l  i o n s ,  amongst which copper  i s  h e ld  p a r t i c u l a r l y  t e n a c i o u s l y  
and i n  s u b s t a n t i a l  amounts ( 1 9 0 p g  Cu/mg dry c e l l  w a l l  -  a p p r o x .
20?o W/W). I f  wood i s  p r e s e r v e d ,  b a c t e r i a l  p r o d u c t s ,  amongst 
which c e l l  w a l l s  may be p r e e m i n e n t ,  may a c t  t o  d e t o x i f y  th e  
wood by com plex ing  and c h e l a t i n g  copper  chrome a r s e n i c  
components ,  th e  c h e l a t e d  forms o f  which a r e  v e r y  s o l u b l e  and 
c o u ld  be removed by l e a c h i n g ,  l e a v i n g  th e  wood u n p r o t e c t e d .
The combined e f f e c t s  o f  c h e m o tro p ic  and c h e m o t a c t i c  
b e h a v i o u r  o f  m ic r o o r g a n is m s  towards  wood and w ate r  s o l u b l e  
wood e x t r a c t s  may be o f  fundamenta l  im p o r ta n c e  i n  d e t e r m i n i n g  
i n v a s i o n  s e q u e n c e s  o f  wood i n  s o i l  p r i o r  to  c o l o n i s a t i o n .
Such  b e h a v i o u r a l  p a t t e r n s  cou ld  be m a in t a i n e d  by c o n t in u o u s  
s t i m u l a t i o n  o f  th e  s o i l  m i c r o f l o r a ,  l e a d i n g  t o  c o n s i d e r a b l e  
n i t r o g e n  t r a n s f e r  i n  th e  form o f  m i c r o b i a l  b i o m a s s ,  from s o i l  
t o  wood and s o i l  a d j a c e n t  t o  wood. I n c r e a s e d  m i c r o b i a l  
p r e s e n c e  i n  th e  wood, e s p e c i a l l y  by b a c t e r i a  e a r l y  on i n  th e
100
i n v a s i o n  p r o c e s s ,  would sup ply  s u b s t a n t i a l  amounts o f  
n u t r i e n t s ,  v i t a m i n s  e t c . ,  t h e r e b y  s a t i s f y i n g  t h e  more 
f a s t i d i o u s  o f  s o f t  r o t  f u n g i .
G e n e r a l  C o n c l u s i o n s
1)  B a c t e r i a ,  b o th  Gram p o s i t i v e  and Gram n e g a t i v e ,  
and r e p r e s e n t a t i v e  o f  wood and s o i l  i n h a b i t i n g  
g e n e r a  have been  shown t o  d e m o n s t r a te  p o s i t i v e  
c h e m o t a c t i c  r e s p o n s e s  t o  c o ld  aqueous wood 
e x t r a c t s •
2)  I n d i v i d u a l  amino a c i d s  and g lu cose^  known t o  o c c u r  
i n  such  w ater  s o l u b l e  wood e x t r a c t s ,  a l s o  e l i c i t  
p o s i t i v e  c h e m o t a c t i c  r e s p o n s e s ,  a l t h o u g h  a t  lo w e r  
l e v e l s  th an  wood e x t r a c t  i t s e l f .
3 ) R e s p o n s e s  o f  b a c t e r i a  t o  amino a c i d s  a r e  
s i g n i f i c a n t l y  g r e a t e r  than the  response^towarcfe 
g l u c o s e •
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Chapter 4
Nitrogen contents of soil in 
relation to wood decay.
4 .1 I n t r o d u c t i o n
N i t r o g e n  i s  an  i m p o r t a n t  e le m e n t  i n  a l l  b i o l o g i c a l  
s y s t e m s ,  b e i n g  an e s s e n t i a l  c o n s t i t u e n t  n e c e s s a r y  f o r  th e  
s y n t h e s i s  o f  many d i v e r s e  groups  o f  compounds, e . g .  p r o t e i n s ,  
n u c l e o t i d e  b a s e s  e t c .  As enzymes a r e  p r o t e i n  m o l e c u l e s  and 
e x t r a c e l l u l a r  enzymes moderate  a l l  wood polymer breakdown, f o r  
a c t i v e  decay o f  wood t o  t a k e  p l a c e  m ic ro o rg a n is m s  must a c q u i r e  
n i t r o g e n  f o r  enzyme s y n t h e s i s .
Be cau se  o f  low l e v e l s  o f  n i t r o g e n  i n  wood i t s  
a v a i l a b i l i t y  t o  wood decay  f u n g i  may become a major l i m i t i n g  
f a c t o r  t o  r a t e s  a t  which decay  can p r o c e e d .  Wood t y p i c a l l y  has  
n i t r o g e n  c o n t e n t s  o f  between 0 « 0 3 % - 0 #10%(W/W) with  C:N r a t i o s  
v a r y i n g  between 3 5 0 - 5 0 0 : 1  (Cow lin g  & M e r r i l l ,  1 9 6 6 ) .  Even a t  
t h e s e  low l e v e l s  many b a s i d i o m y c e t e  f u n g i  can decay wood, and i t  
has  been  p o s t u l a t e d  t h a t  such  f u n g i  can u t i l i s e  t h e i r  own 
a u t o l y t i c  p r o d u c t s  t o  c o n s e r v e  n i t r o g e n  ( L e v i  ejt a l .  , 1 9 6 8 ) and 
can a d a p t  t h e i r  p h y s i o l o g i e s  by p r e f e r e n t i a l  a l l o c a t i o n  o f  th e  
l i m i t e d  amounts o f  n i t r o g e n  to  the  p r o d u c t i o n  o f  enzymes 
n e c e s s a r y  f o r  s u b s t r a t e  u t i l i s a t i o n  ( L e v i  & C ow lin g ,  1 9 6 9 )*
S o f t  r o t  f u n g i  have been  shown, however,  t o  r e q u i r e  l a r g e r  
amounts o f  n i t r o g e n  b e f o r e  becoming a c t i v e l y  c e l l u l o l y t i c  ( L e v i  
& C ow ling ,  1 9 6 6 ) .
F i n d l a y  ( 1 9 3 4 )  de m onstra te d  t h a t  i n c r e a s i n g  wood 
n i t r o g e n  c o n t e n t  by a d d i t i o n s  o f  i n o r g a n i c  s a l t s  i n c r e a s e d  
decay  r a t e s  o f  S i t k a  s p r u c e  by Trametes  s e r i a l i s . Lundstrom 
( 1 9 7 2 )  a l s o  showed i n c r e a s e d  decay i n  wood v e n e e r s  im p re gnated  
with  s o l u b l e  n i t r o g e n .  B u t c h e r  & D ry s d a le  ( 1 9 7 4 )  n o te d  t h a t
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decay r a t e s  were a c c e l e r a t e d  o n ly  i n  t h o s e  v e n e e r s  which were 
dosed w ith  l o w e s t  n i t r o g e n  c o n c e n t r a t i o n s .  The C:N r a t i o  o f  th e  
v e n e e r s  used by B u t c h e r  & D r y s d a le  were a p p r o x i m a t e l y  1 2 0 : 1  and 
t h e s e  a u t h o r s  c o n s i d e r e d  such  r a t i o s  t o  be o f  more im p o r ta n c e  
i n  d e t e r m i n i n g  d ecay  th an  a b s o l u t e  amounts o f  n i t r o g e n .  L a t e r ,  
B u t c h e r  ( 1 9 7 6 )  c o n f i r m e d  t h a t  h i g h e r  v a l u e s  o f  n i t r o g e n ,  
im pregnated  a s  s o l u b l e  s a l t s ,  c au se d  d e c r e a s e  i n  th e  decay  
p r o c e s s ,  and e s t i m a t e d  a C:N r a t i o  o f  2 ^ 0 : 1  t o  be o p t im a l  f o r  
s o f t  r o t  d e c a y .
S o i l  s t u d i e s  u n d e r ta k e n  by King e t  a l .  ( 1 9 8 1 ) a l s o  
i n d i c a t e  t h a t  n i t r o g e n  c o n t e n t s  a r e  im p o r t a n t  a s  d e t e r m i n a n t s  
o f  d e c a y .  U sing  b u r i e d  b l o c k s  o f  d i f f e r e n t  wood s p e c i e s  and 
d i f f e r e n t  i n i t i a l  n i t r o g e n  c o n t e n t s  t h e s e  a u t h o r s  d e m o n s tra te d  
i n c r e a s e d  n i t r o g e n  o c u rre d  i n  b l o c k s  w i th o u t  a c o r r e s p o n d i n g  
weight l o s s .  Weight l o s s  became s i g n i f i c a n t  on ly  when n i t r o g e n  
c o n t e n t s  had i n c r e a s e d  t o  an e s t i m a t e d  C:N r a t i o  o f  2 0 0 : 1 ,  i . e .  
a p p r o x i m a t e l y  0*2%W/W o f  th e  wood. Decay o f  wood i n  s o i l  has  been 
shown t o  be g r e a t e r  when n i t r o g e n  f e r t i l i z e r  has  been used to  
amend th e  n u t r i e n t  l e v e l  o f  the  s o i l  ( A l l i s o n  & Murphy, 1 9 6 2 ) .  
F r i i s - H a n s e n  ( 1 9 7 6 )  showed i n c r e a s e d  decay i n  copper chrome 
a r s e n i c  t r e a t e d  t r a n s m i s s i o n  p o l e s  s i t u a t e d  i n  c u l t i v a t e d ,  
f e r t i l i s e d  f i e l d s ,  compared t o  t h o s e  p o l e s  i n  p o o r e r  f o r e s t  
s o i l s .
G e n e r a l l y ,  a s  woods have v e ry  low n i t r o g e n  c o n t e n t s  
and h i g h  C:N r a t i o s ,  decay f u n g i  may have d i f f i c u l t y  i n  
a s s i m i l a t i n g  a d e q u a te  amounts o f  n i t r o g e n  to  be m e t a b o l i c a l l y  
a c t i v e .  The m o n i t o r i n g  o f  n i t r o g e n  c o n t e n t s  o f  wood i n  s o i l  
d u r in g  d e c o m p o s i t io n  has  d e m o n s tra te d  t h a t  such  c o n t e n t s
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i n c r e a s e  a s  decay  p r o c e e d s  (H u ngate ,  1 9 ^ 0 ;  Henningsson &
N i l s s o n ,  1 9 7 6 ;  Kin g _et a l . ,  1 9 8 1  0£ .  c i t . ) .  Three  mechanisms 
have been d e s c r i b e d  which f a c i l i t a t e  n i t r o g e n  i n c r e a s e s  i n  wood 
i n  s o i l .
V ic k  movement
B a i n e s  & Levy ( 1 9 7 9 )  d e m on stra te d  t h a t  when wooden 
s t a k e s  were p l a c e d  i n  water  with  a p o r t i o n  above  th e  
s u r f a c e  and w ith  th e  g r a i n  p a r a l l e l  t o  th e  l o n g i t u d i n a l  
a x i s ,  w ate r  movement i n t o  th e  above ground p o r t i o n  
would t a k e  p l a c e  p ro v id e d  t h e r e  was a g r a d i e n t  i n  
w ater  c o n c e n t r a t i o n  between th e  two e n d s .  T h i s  'w i c k  
a c t i o n '  depended on e v a p o r a t i o n  o f  water from the 
wood above water  s u r f a c e s ,  and th ey  c o n s i d e r e d  t h a t  
f o r  wood i n  s o i l  any m a t e r i a l  i n  s o i l  s o l u t i o n  would 
be d e p o s i t e d  i n  th e  wood a t  or  above th e  g r o u n d l i n e .
Uju ejt al^. ( 1 9 8 1 ) ,  u s i n g  s t e r i l e  S c o t s  p in e  s t a k e s  
h a l f  i n s e r t e d  i n t o  s t e r i l e  s o i l ,  th e  l a t t e r  h a v in g  
been amended with  i n o r g a n i c  n i t r o g e n  s a l t s ,  showed 
t h a t  n i t r o g e n  a c c u m u l a t i o n  o c c u r r e d  no t  only  i n  t h a t  
p o r t i o n  o f  th e  s t a k e  below the g r o u n d l in e  but  a l s o  i n  
wood above  the s o i l  s u r f a c e .  Major d e p o s i t i o n  o f  
s o l u b l e  s a l t s  to ok  p l a c e  a t  the g r o u n d l in e  p o r t i o n  
o f  th e  s t a k e ,  t h a t  r e g i o n  a t  which most e x t e n s i v e  
decay i s  u s u a l l y  o b s e r v e d .  Levy & D i c k in s o n  ( 1 9 8 1 ) 
s u g g e s t e d  t h a t  a t  th e  g r o u n d l i n e ,  c o n d i t i o n s  o f  
m o i s t u r e  and oxygen a v a i l a b i l i t y  fa v o u r  f u n g a l  
a c t i v i t y ,  and i t  i s  h e r e  t h a t  organism s r e c e i v e d  a 
c o n t i n u o u s  s u p p ly  o f  n u t r i e n t s  by wick a c t i o n .  Thus
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w ith  such  f a v o u r a b l e  c o n d i t i o n s ,  growth and decay- 
p o t e n t i a l  o f  f u n g i  a r e  maximised,  r e s u l t i n g  i n  normal 
decay p a t t e r n s .
N i t r o g e n  f i x a t i o n
A seco nd  p r o c e s s  which can c o n t r i b u t e  to  i n c r e a s e d  
n i t r o g e n  i n  wood i s  mediated by b a c t e r i a l  n i t r o g e n  
f i x a t i o n .  Sharp  & M i l lb a n k  ( 1 9 7 3 )  and Levy ejt a l . 
( 1 9 7 * 0  have d e m o n s t ra te d  t h a t  n i t r o g e n  f i x a t i o n  can 
o c c u r  i n  wood. Aho e_t a l .  ( 1 9 7 * 0  and L a r s e n  e_t a l . 
( 1 9 7 8 )  have shown a s s o c i a t e d  n i t r o g e n a s e  a c t i v i t y  
w ith  decay  o f  wood. Aho ejt _al.  a l s o  determ ined  t h a t  
o f  1 3 0  g r a m - n e g a t i v e  b a c t e r i a  i s o l a t e d  from decay 
a r e a  o f  white  f i r  t r e e s ,  68 were c a p a b l e  o f  f i x i n g  
n i t r o g e n  and were r e c o v e r e d  i n  numbers v a r y in g  from 
1(x -  10 c e l l s / c n r  o f  e x p r e s s e d  s a p .  However, non-
s y m b i o t i c  n i t r o g e n  f i x a t i o n  by f r e e  l i v i n g  b a c t e r i a  
i s  a  h ig h  e n e rg y  demanding p r o c e s s ,  and Campbell  &
L e e s  ( 1 9 6 7 )  no te d  t h a t  A z o t o b a c t e r , i n  i d e a l  
c o n d i t i o n s ,  r e q u i r e  to  m e t a b o l i s e  50g o f  c a r b o h y d r a t e s  
to  f i x  1g o f  n i t r o g e n .  For  n i t r o g e n  f i x a t i o n  to  
o c c u r  i n  wood i n  s o i l  t h e r e f o r e  s o l u b i l i s a t i o n  o f  
s u b s t a n t i a l  amounts o f  wood s u b s t r a t e  would be 
r e q u i r e d  to  p e r m i t  any s i g n i f i c a n t  i n c r e a s e s  i n  
n i t r o g e n  c o n t e n t  o f  wood.
M i c r o b i a l  t r a n s f e r
King e_t a l .  ( 1 9 8 1 , o £ .  . c i t y )  proposed t h a t  i n c r e a s e s
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i n  n i t r o g e n  noted  by them d u r in g  th e  decay o f  wood i n  
s o i l  i s  c o r r e l a t e d  w ith  m i c r o b i a l  t r a n s f e r  from s o i l  
to  wood. During e x p e r im e n t s  i n  which b u r i e d  b l o c k s  
were used a s  t e s t  m a t e r i a l ,  t h e r e b y  e l i m i n a t i n g  th e  
p o s s i b i l i t y  o f  n i t r o g e n  a c c u m u l a t i o n  due to  wick 
a c t i o n ,  l a r g e  i n c r e a s e s  i n  wood n i t r o g e n  c o n t e n t s  were 
o b s e r v e d .  Such i n c r e a s e s  i n  n i t r o g e n  were s i g n i f i c a n t l y  
c o r r e l a t e d  w ith  mass l o s s  o f  wood as  decay p r o c e e d e d .  
I n t e r e s t i n g l y ,  i n  b l o c k s  which had been  b u r i e d  and 
w e tted  by s o i l  s o l u t i o n  but remained undecayed,  no 
i n c r e a s e s  i n  n i t r o g e n  were n o t e d .  F u r t h e r m o r e ,  
t r e a t m e n t  o f  wood w ith  copper  chrome a r s e n i c  not  only 
d e c r e a s e d  decay r a t e s  but a l s o  n i t r o g e n  i n p u t .  I n  
b l o c k s  t r e a t e d  w ith  copper chrome a r s e n i c  a t  
c o n c e n t r a t i o n s  which gave f u l l  p r o t e c t i o n  n i t r o g e n  
i n c r e a s e s  were not s e e n .  The p r e s e n c e  o f  r e d i s t r i b u t e d  
s o l u b l e  n u t r i e n t s  a t  wood s u r f a c e s  s t i m u l a t e d  and 
a c c e l e r a t e d  n i t r o g e n  i n p u t  and r a t e s  o f  decay  i n  both  
u n t r e a t e d  and copper  chrome a r s e n i c  t r e a t e d  wood.
The v a r i a b l e  p e r fo rm an c e  d e m o n s tra te d  by wood i n  s o i l  
may th u s  be due to  complex i n t e r a c t i o n s  between many b i o l o g i c a l ,  
p h y s i c a l  and c h e m i c a l  p a r a m e t e r s .
I t  was c o n s i d e r e d  by Gersonde and K erner-G an g  ( 1 9 7 6 )  
t h a t  n o n - s t e r i l i s e d  s o i l s  gave poor r e p r o d u c i b i l i t y  when used 
i n  p r e s e r v a t i v e  e v a l u a t i o n s .  S a v o r y  & B r a v e r y  ( 1 9 7 1 ) ,  
s u g g e s t e d  t h a t  use  o f  n o n - s t e r i l e  s o i l  was im p o r t a n t  b e c a u s e
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i t  exposed  t r e a t e d  wood t o  a  wide spectrum  o f  n a t u r a l l y  
o c c u r r i n g  s o i l  m i c r o f l o r a .  Such v a r i a b i l i t y  between s o i l s  on 
d ecay  r a t e s  o f  wood was c o n f i rm e d  by Amburgey ( 1 9 7 8 )  who n o t e d ,  
how ever ,  t h a t  such  d i f f e r e n c e s  i n  decay r a t e s  between s o i l s  
was n o t  a r e s u l t  o f  v a r i a t i o n s  i n  pH va lu e  or water h o l d i n g  
c a p a c i t y .
The im p o r ta n c e  o f  n i t r o g e n ,  however ,  to  s o f t  r o t  
decay  o f  wood i n  s o i l  and pure c u l t u r e  s y s te m s  s u g g e s t s  i t  may 
be o f  e x c e p t i o n a l  im p o r ta n c e  to  d e c o m p o s i t io n  p r o c e s s e s .  The 
i m p l i e d  im p o r ta n c e  o f  s i t e  v a r i a b i l i t y  and p erhap s  o f  n i t r o g e n  
dynamics i n  the s tu d y  o f  wood decay i n  s o i l  r e s u l t e d  i n  th e  
I n t e r n a t i o n a l  R e s e a r c h  Group on V/ood P r e s e r v a t i o n  ( I . R . G . )  to  
c a n v a s  members o f  the  wor ld-wide c o - o p e r a t i v e  f i e l d  e x p e r im e n t  
t o  d e te r m in e  the  p e r fo rm an c e  o f  copper chrome a r s e n i c  t r e a t e d  
t i m b e r ,  w ith  e s p e c i a l  i n t e r e s t  i n  s o f t  r o t  ( D i c k i n s o n ,  1978 )  
and to  submit  s o i l  sam p les  f o r  n i t r o g e n  a n a l y s i s  to  Dundee 
C o l l e g e  o f  T ec h n o lo g y  ( L e i g h t l e y ,  1 9 8 0 ) .  The aim o f  t h i s  
i n v e s t i g a t i o n  was t o  d e te rm in e  whether any c o r r e l a t i o n  e x i s t e d  
b etween s e v e r a l  p h y s i c a l  and c h e m ic a l  p a r a m e t e r s ,  amongst 
which t o t a l  n i t r o g e n  was to  be c o n s i d e r e d ,  and th e  r e p o r t e d  
decay  s t a t u s  o f  v a r i o u s  r e f e r e n c e  wood s p e c i e s  a t  d i f f e r e n t  
s i t e s  and t r e a t e d  t o  v a r i o u s  l o a d i n g s  o f  copper  chrome a r s e n i c .
The c h e m o t a c t i c  and c h e m o tro p ic  r e s p o n s e s  d e m o n s tra te d  
by b a c t e r i a  and f u n g i  to  w ater  s o l u b l e  wood e x t r a c t s  and wood 
v o l a t i l e s  and d e s c r i b e d  i n  c h a p t e r s  2 and 3» i f  o c c u r r i n g  i n  
s o i l  c o u ld  have c o n s i d e r a b l e  i n f l u e n c e  on m i c r o b i a l  n i t r o g e n  
t r a n s f e r  to  wood i n  t e r r e s t r i a l  s y s t e m s .  Q u a l i t a t i v e  
a s s e s s m e n t  o f  sapwood s t a k e s  o f  l im e  and p in e  i n  s o i l ,  used i n
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i n v e s t i g a t i o n s  by o t h e r  workers  and examined a s  a p r e l i m i n a r y  
t o  th e  work d e s c r i b e d  i n  t h i s  c h a p t e r ,  i n d i c a t e d  g r o s s  changes  
i n  s o i l  s t r u c t u r e  i n  t h a t  s o i l  a d j a c e n t  t o  th e  wood. On 
g e n t l e  removal  o f  th e  s t a k e s  q u a n t i t i e s  of  s o i l  remained 
a d h e r i n g  t o  th e  wood; such s o i l  had w e l l  deve loped  crumb 
s t r u c t u r e  g e n e r a l l y  i n d i c a t i v e  o f  h ig h  m i c r o b i a l  b iomass  
p r e s e n c e .  I t  was a l s o  noted  t h a t  many crumbs were h e ld  to  th e  
wood s u r f a c e  by hyphal  s t r a n d s ,  and m i c r o s c o p i c  e x a m in a t i o n  
d e m o n s t ra te d  th e  p r e s e n c e  o f  l a r g e  numbers o f  b a c t e r i a  and 
p r o t o z o a .  S o i l  5mm d i s t a n t  from  the wood s u r f a c e  had no such 
e x t e n s i v e  crumb d e v e lo p m e n t .  These  o b s e r v a t i o n s  s u g g e s t e d  t h a t  
m i c r o b i a l  b iom ass  a c c u m u l a t i o n  o c c u r r e d  a t  w o o d - s o i l  i n t e r f a c e s  
d u r in g  wood decay  p r o c e s s e s .
I t  was c o n c lu d e d  from the above o b s e r v a t i o n s  t h a t  any 
l a r g e  b io m ass  a c c u m u l a t i o n s  might be m easu rab le  i n  term s o f  
n i t r o g e n  c o n t e n t  o f  the s o i l  and p r i o r  to  c o n t r o l l e d  l a b o r a t o r y  
i n v e s t i g a t i o n s  i t  was c o n s i d e r e d  t h a t  an e x a m i n a t i o n  o f  s o i l  
s u r r o u n d i n g  wood a l r e a d y  i n  s e r v i c e  would be o f  v a l u e .  I t  was 
c o n s i d e r e d  t h a t  s o i l  s u r r o u n d in g  f e n c e  p o s t s  o f  known wood t y p e ,  
t r e a t m e n t  and d a te  o f  i n s e r t i o n  s hou ld  be i n v e s t i g a t e d ,  and t h a t  
s u c h  s o i l s  shou ld  be c o l l e c t e d  e i t h e r  a t  th e  w o o d - s o i l  i n t e r f a c e  
or  a t  some d i s t a n c e  from th e  i n t e r f a c e  to  d e te rm in e  any 
d i f f e r e n c e s  i n  n i t r o g e n  c o n t e n t s  which might e x i s t .
M i c r o - K j e l d a h l  methods a r e  n o rm a l ly  employed to  
d e te r m in e  n i t r o g e n  c o n t e n t s  o f  wood and s o i l .  Such methods use 
e i t h e r  a m ix tu re  o f  copper  s u l p h a t e / s e l e n i u m / p o t a s s i u m  s u l p h a t e  
(B r e m n e r ,  1 9 ^ 5 )  or  mercury ( I I )  o x i d e / p o t a s s i u m  s u l p h a t e  
( H e s s e ,  19 7 1 )  i n  th e  d i g e s t  as  c a t a l y s t s .  A method had been
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deve lop e d  f o r  wood a t  t h i s  l a b o r a t o r y  which cou ld  be used to  
d e te r m in e  b oth  n i t r o g e n  and copper  chrome a r s e n i c  c o n t e n t s  i n  
wood from a s i n g l e  d i g e s t ;  t h i s  e n t a i l e d  u s i n g  100 volume 
hydrogen p e r o x i d e  a s  th e  o x i d a n t  i n  a c o n c e n t r a t e d  s u l p h u r i c  
a c i d  d i g e s t .  A f t e r  n e u t r a l i s a t i o n  o f  th e  a c i d  d i g e s t  and 
a l k a l i n e  steam d i s t i l l a t i o n  to  d r i v e  o f f  the ammonia f o r  
n i t r o g e n  d e t e r m i n a t i o n ,  th e  r e s i d u a l  s o l u t i o n  was r e t a i n e d  and 
c a r e f u l l y  c o l l e c t e d  from a m o d i f i e d  Markham s t i l l .  T h i s  
s o l u t i o n  was th en  r e a c i d i f i e d  (2»5 MH2S04) and the  c o p p e r ,  chrome 
and a r s e n i c  c o n c e n t r a t i o n s  d e te rm in e d  by a to m ic  a b s o r p t i o n  
s p e c t r o p h o t o m e t r y  u s i n g  a s t a n d a r d  a d d i t i o n s  t e c h n i q u e .
Methods i n c o r p o r a t i n g  heavy m e t a l s  as  c a t a l y s t s  a r e  
n o t  a p p l i c a b l e  where n i t r o g e n  and c o p p e r ,  chrome and a r s e n i c  
d e t e r m i n a t i o n s  a r e  perform ed on th e  same d i g e s t  due to  l o s s  o f  
s e n s i t i v i t y  b e c a u s e  o f  e x c e s s  heavy m eta l  p r e s e n c e .  T h e r e f o r e  
use  o f  heavy m e t a l s  i n  s o i l  n i t r o g e n  a n a l y s e s  n e c e s s i t a t e s  
a n a l y s i s  o f  s e p a r a t e  sam ples  f o r  copper chrome and a r s e n i c .
As th e  amounts o f  r e c o v e r e d  s o i l  from s m a l l  wood s t a k e s  i s  
n e c e s s a r i l y  s m a l l  due to  th e  r e s t r i c t e d  a r e a  c o n t ig u o u s  with  
the  wood which may be sampled the  a b i l i t y  t o  perform  b o th  
d e t e r m i n a t i o n s  on one sample was c o n s i d e r e d  a d v a n t a g e o u s .  S i n c e  
i t  was c o n s i d e r e d  t h a t  i t  would be u s e f u l  a t  a l a t e r  d a te  to  
s tu d y  c o p p e r ,  chrome and a r s e n i c  l o s s e s  from t r e a t e d  wood to  
s o i l ,  i t  was d e c i d e d ,  as  a p r e l i m i n a r y  e x p e r i m e n t ,  to  compare 
th e  hydrogen p e r o x i d e  method w ith  th e  copper  s u l p h a t e / s e l e n i u m  
and mercury ( I I )  o x id e  methods to  d e te rm in e  i t s  e f f e c t i v e n e s s  
i n  n i t r o g e n  d e t e r m i n a t i o n s  i n  s o i l  w ith  a view t o  u s i n g  such  a 
method as  the  s t a n d a r d  p r o c e d u r e  a t  the l a b o r a t o r y .
1 1 0
The aims o f  the work d e s c r i b e d  i n  t h i s  c h a p t e r  were 
t h e r e f o r e  a s  f o l l o w s :
1 .  To e v a l u a t e  th e  s u i t a b i l i t y  o f  th e  hydrogen 
p e r o x i d e  method a s  an a p p r o p r i a t e  method to  
d e te rm in e  n i t r o g e n  i n  s o i l .
2 .  To d e te rm in e  n i t r o g e n  c o n t e n t s  i n  s o i l  a d j a c e n t  
to  wood  ^ i n  s e r v i c e  a t  w o o d - s o i l  i n t e r f a c e s  and a t  
some d i s t a n c e  from the w o o d - s o i l  i n t e r f a c e  thus  
t o  e v a l u a t e  s o i l  n i t r o g e n  c o n t e n t  a s  a p o s s i b l e  
p a r a m e te r  i n  m o n i t o r i n g  m i c r o b i a l  biom ass 
a c c u m u l a t i o n s  i n  s o i l  a d j a c e n t  to  decomposing 
wood •
3 .  To d e te rm in e  the  s o i l  n i t r o g e n  c o n t e n t s  o f  s o i l s  
o b t a i n e d  from the  I n t e r n a t i o n a l  R e s e a r c h  Group on 
Wood P r e s e r v a t i o n  c o - o p e r a t i v e  f i e l d  t e s t ' s i t e s  
and t o  i n v e s t i g a t e  the c o r r e l a t i o n ,  i f  any ,  
b etween such  v a l u e s  and the  p u b l i s h e d  decay  
s t a t u s  o f  t i m b e r s  a t  such  s i t e s  (Levy & D i c k i n s o n ,  
1 9 8 0 ) .
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4 . 2 . 1 .  Comparative  s tu d y  o f  methods f o r  s o i l  n i t r o g e n
d e t e r m i n a t i o n
4 . 2 . 1 . 1 .  I n t r o d u c t i o n
Three  methods d e s c r i b e d  below were compared f o r  
n i t r o g e n  d e t e r m i n a t i o n ,
a .  u s i n g  hydrogen p e r o x i d e  ( 1 0 0 v o l . ) i n  the 
d i g e s t ,
b .  u s i n g  a m ix tu re  o f  copper s u l p h a t e / s e l e n i u m /  
p o ta ss iu m  s u l p h a t e  ( C u S O ^ ^ ^ O / S e / K ^ S O ^ )  (Brem n er ,  
1 9 65  on . c i t . ) ,
c .  mercury ( I I )  o x i d e / p o t a s s i u m  s u l p h a t e  (HgO/i^SQ^)
( H e s s e ,  1971 c i t . )  i n  th e  d i g e s t .
These methods were used to  d e te rm in e  the n i t r o g e n  
c o n t e n t s  o f :
1 .  S t a n d a r d  s o l u t i o n s  o f  g l y c i n e  i n  aqueous s o l u t i o n  
(1mgN/cm^:0*1%W/V).
2 .  A l l u v i a l  loamy s o i l  from th e  S c o t t i s h  Crop 
R e s e a r c h  I n s t i t u t e ,  I n v e r g o w r i e ,  T a y s id e  and 
used i n  a l l  s o i l  b u r i a l  programmes a t  t h i s  
l a b o r a t o r y .  Such s o i l  rem ained f a l l o w  and 
u n f e r t i l i s e d  f o r  one y e a r  b e f o r e  s a m p l in g .
3 .  Unmodif ied  c o a l ,  used a s  a h ig h  n i t r o g e n  c o n t e n t ,  
r e c a l c i t r a n t ,  o r g a n i c  m a t e r i a l .
4.2. Materials and methods
A.2.1.2. Preparation of samples
S ta n d a r d  n i t r o g e n  s o l u t i o n s
G l y c i n e  ( B .D .H .  c h r o m a t o g r a p h i c a l l y  homogenous) was
d i s s o l v e d  i n  double  g l a s s  d i s t i l l e d  water  to  g iv e  a S t a n d a r d
3 3s o l u t i o n  o f  c o n c e n t r a t i o n  1mgN/cm . 1 #00cnr a l i q u o t s  o f  t h i s
s o l u t i o n ,  measured u s i n g  1cm^ grade  A p i p e t t e s ,  were used f o r  
n i t r o g e n  d e t e r m i n a t i o n .  C o n t r o l s  c o n s i s t e d  o f  1»00cm^ a l i q u o t s  
o f  double  g l a s s  d i s t i l l e d  w a t e r .
Coal
200g  of  c o a l  was ground i n  an a g a t e  p e s t l e  and 
m o r ta r  to  a f i n e  powder and s t o r e d  w i th o u t  p r i o r  d r y i n g  ( t o  
p r e v e n t  l o s s  o f  v o l a t i l e s )  i n  a r e s e a l a b l e  p l a s t i c  b a g .  50mg 
o f  f i n e  powdered c o a l  were used r a t h e r  th an  200mg sam ples  
b e c a u s e  o f  h igh  n i t r o g e n  c o n t e n t  de te rm in e d  from p r e l i m i n a r y  
e x p e r i m e n t s .
S o i l
S o i l ,  c o l l e c t e d  from a s i t e  p r e v i o u s l y  hand c l e a r e d  
o f  p l a n t  m a t e r i a l ,  was removed down t o  a depth o f  10cm and 
p a s s e d  through a 2mm s c r e e n  i n t o  l a r g e  b i n s .  A p p ro x im a te ly  
250g  o f  t h i s  s o i l  was s p re a d  out on g l a s s  s h e e t s  and d r i e d  a t  
40°C i n  a fa n  oven f o r  s i x  h o u r s .  The s o i l  was examined and 
any o b v iou s  r e m a i n i n g  p l a n t  m a t e r i a l  was removed.  20g p o r t i o n s  
o f  th e  d r i e d  s o i l  were ground t o  a f i n e  powder i n  an a g a t e  
p e s t l e  and m o r t a r ,  th e  p o r t i o n s  rem ixed and th e  250g o f  th e  
powdered s o i l  s t o r e d  i n  a r e s e a l a b l e  p l a s t i c  bag a t  *t°C u n t i l  
u s e .  5 0 0 mg sam p les  were d r i e d  to  c o n s t a n t  mass i n  an oven a t  
1 0 2 ° C i2 ° C  t o  d e te r m in e  r e s i d u a l  m o i s t u r e  c o n t e n t .  The r e s i d u a l
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m o i s t u r e  va lu e  was used a s  a c o r r e c t i o n  f a c t o r  to  g iv e  % 
n i t r o g e n  o f  e a c h  sample on a dry mass b a s i s .  A p p ro x im ate ly  
200mg o f  ground s o i l  was a c c u r a t e l y  weighed f o r  e ach  n i t r o g e n  
d e t e r m i n a t i o n .
^ . 2 . 1 . 3 .  Methods o f  a n a l y s i s
Samples  f o r  a n a l y s i s  were e i t h e r  200mg I n v e r g o w r ie  
s o i l ,  50mg c o a l ,  1«00cm^ s t a n d a r d  g l y c i n e  s o l u t i o n  or 1-OOcm^ 
double  g l a s s  d i s t i l l e d  w a t e r .
A. D i g e s t i o n  s t a g e
Method 1 .
100g p o t a s s iu m  s u l p h a t e  (K^SO^) ,  10g copper  s u l p h a t e  
(CuSO^-^H^O) and 1g s e le n iu m  ( S e )  g i v i n g  a mass r a t i o  o f  
1 0 0 : 1 0 : 1  r e s p e c t i v e l y  were weighed and ground s e p a r a t e l y  i n  an 
a g a t e  p e s t l e  and m o r t a r ,  mixed and th e n  regrou nd to  g iv e  an 
i n t i m a t e  m ix tu r e  o f  111g o f  t h e s e  r e a g e n t s .  The samples  were 
measured i n t o  50cm^ K j e l d a h l  d i g e s t i o n  f l a s k s  and 1g o f  the 
above m i s t u r e  and 3cm^ l 8 #ifM s u l p h u r i c  a c i d  ( B .D .H .  n i t r o g e n  
f r e e )  were added.  The f l a s k s  were h e a te d  g e n t l y  i n  a fume 
hood over  gas s o  t h a t  th e  s u l p h u r i c  a c i d  condensed not more than 
h a l fw a y  up th e  neck  o f  th e  f l a s k ,  f o r  f i v e  ho u rs  (Brem n er ,  19&5 
o^jd . c i  t . ) .
Method 2 .
100g p o t a s s iu m  s u l p h a t e  ( K ^ S O ^ )  and 5g  mercury ( I I )  
o x id e  (HgO) g i v i n g  a mass r a t i o  o f  2 0 :1  r e s p e c t i v e l y  were 
weighed and ground s e p a r a t e l y ,  mixed and re g ro u n d  i n  an a g a t e
reagents. The samples were measured into 50cnr Kjeldahl
3digestion flasks and 2g of the above mixture and 3cnr of 
nitrogen free 18.4M sulphuric acid were added. The flasks 
were heated gently as above for 2-3 hours until clear (Hesse, 
1971 op.cit.).
Method 3«
3Samples were measured into 50cm Kjeldahl digestion 
3flasks and 3cm of nitrogen free 18.4M sulphuric acid added.
3
2 cnr of 100 volume hydrogen peroxide were added dropwise and
the flasks gently heated as above to reconcentrate the acid.
The digests were allowed to cool prior to each further addition 
3of 2cnr of 100 vol. H^O^ This process was repeated until the
3
digest was clear, usually after addition of between 6-8 cm 
10 0 vol. for soil.
3. Distillation stage.
After complete digestion flasks were allowed to
cool and contents transferred to the distillation chamber of
a Markham apparatus. The digestion flasks were rinsed three
3times with approximately 3 cm of glass distilled water each 
time and washings transferred to the chamber. Ammonia was 
steam distilled from the chamber after the addition of excess 
(>-11.0cm^) 40$ ;//V sodium hydroxide solution for methods 
1 and 3 (or with 50$ W/V sodium hydroxide and 2.5$ v//V 
sodium thiosulphate (^^2 8 2^3 ) for mQthod 2 ) and collected 
in 5 cm^ 2$ W/V boric acid (H^BO^) solution, containing
pestle and mortar to give an intimate mixture of 105g of these
3
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5 drops methyl red/ ethanolic bromocresol green indicator in 
3100 cmr Srlenmeyer flasks marked to indicate a volume of
325 cm. The distillation continued in all cases until the
3
volume in the receiver flask reached the 25cm mark.
Ammonia - N in the distillate was determined by
•3
titration with standard 0.01M hydrochloric acid (icnr 0.01M 
HOL =  0,14 mg H) and the nitrogen content of the wood 
calculated as a ^ of preburial mass.
116
from wood i n  s e r v i c e
Fence  p o s t s  o f  known wood t y p e ,  p r e s e r v a t i v e  
t r e a t m e n t  and d a te  o f  i n s e r t i o n  were l o c a t e d  by Mr. R .  R obinson 
o f  R & D C he m ica ls  L t d . ,  Glasgow. S e l e c t e d  f e n c e  p o s t s  were 
e i t h e r  ' S c o t s  p in e  ro u n d s '  ( P in u s  s y l v e s t r i s  L . )  o f  3 i n c h  
d i a m e t e r s ,  s i t u a t e d  on a r a b l e ,  a g r i c u l t u r a l  l a n d ,  or 6x6  i n c h  
b e e c h  ( Fagus s y l v a t i c a  L . )  b a r r i e r  s u p p o r t s  on a motorway s l i p  
r o a d .  A l l  p o s t s  had been t r e a t e d  to  B3 4-072, 1974- w ith  copper  
chrome a r s e n i c  p r e s e r v a t i v e ,  e x c e p t  f o r  one p o s t  o f  p in e  
which had been c r e o s o t e  t r e a t e d .  P in e  p o s t s  were chosen  a t  
random from f e n c e  l i n e s ,  and s o i l  removed to  a depth o f  8cm, 
u s i n g  a 8mm d ia m e t e r  c o r k  b o r e r ,  e i t h e r  w i t h i n  10mm o f  the 
w o o d - s o i l  i n t e r f a c e ,  or  a t  a d i s t a n c e  o f  100mm from the wood- 
s o i l  i n t e r f a c e .  Two b e e c h  p o s t s  were chosen  a t  random from a 
l e n g t h  o f  c r a s h  b a r r i e r  and s o i l  sampled as  f o r  p i n e ,  but i n  
a d d i t i o n  s o i l  was removed c a r e f u l l y ,  u s i n g  a s p a t u l a ,  w i t h i n  
1mm o f  th e  w o o d - s o i l  i n t e r f a c e .  A l s o ,  th e  o u t e r  2mm o f  beech  
p o s t  wood t h a t  had been i n  ground c o n t a c t  j u s t  below the 
g r o u n d l i n e  was sampled .
A l l  s o i l  and wood sam ples  were p l a c e d  i n  r e s e a l a b l e  
p l a s t i c  bags  and s t o r e d  a t  4-°C w i t h i n  8 hours  o f  s a m p l in g .  A l l  
p o s t s  were examined f o r  decay  and s u r f a c e  s o f t e n i n g .
S o i l s  were p r e p a r e d  f o r  n i t r o g e n  a n a l y s i s  as  
d e s c r i b e d  i n  s e c t i o n  4 - . 2 . 1 . 2 .  and such a n a l y s e s  were c a r r i e d  
out u s i n g  the hydrogen p e r o x i d e  method.
Beech  wood was d r i e d  to  c o n s t a n t  mass a t  1 0 2°Ci 2°C
4-.2.2. Nitrogen content of soils adjacent to and distant
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and 100rag sam ples  weighed a c c u r a t e l y  f o r  wood n i t r o g e n  
d e t e r m i n a t i o n s .  A l l  s o i l  n i t r o g e n  d e t e r m i n a t i o n s  were p erform ed 
i n  t r i p l i c a t e  f o r  s o i l  around p in e  and f o u r  r e p l i c a t e s  f o r  both  
wood and s o i l  around b e e c h .
* f . 2 . 3 *  N i t r o g e n  c o n t e n t s  o f  s o i l s  a t  I . R . G .  f i e l d  s i t e s
S o i l s  were r e c e i v e d  from e l e v e n  c o l l a b o r a t o r s  i n  the 
f i e l d  e x p e r i m e n t s  ( D i c k i n s o n ,  1976  0£ .  c i t . ) .  No 
s t a n d a r d i s a t i o n  o f  sa m p l in g  t e c h n iq u e  had been r e p o r t e d ,  thus  
s o i l s  a r r i v e d  i n  a v a r i e t y  o f  c o n d i t i o n s ,  i . e .  wet,  d r y ,  
u n s t e r i l e ,  s t e r i l e  e t c . ,  and had sometimes  s p e n t  c o n s i d e r a b l e  
t ime i n  t r a n s i t .  S o i l s  v a r i e d  i n  amounts of  obviou s  p l a n t  
m a t e r i a l  and some were assumed to  have been s i e v e d  p r i o r  to  
d i s p a t c h  b e c a u s e  o f  un i form  maximum p a r t i c l e  s i z e .
S o i l s  were p re p a re d  f o r  n i t r o g e n  a n a l y s e s  as  
d e s c r i b e d  i n  s e c t i o n  A - . 2 . 1 . 2 .  which e n t a i l e d  the  re moval  o f  
o r g a n i c  m a t t e r  i n  th e  form o f  t w i g s ,  l e a v e s  e t c .  which may 
have c o n t a i n e d  n i t r o g e n .  N i t r o g e n  was dete rm ine d  u s i n g  th e  
hydrogen p e r o x i d e  method d e s c r i b e d  i n  s e c t i o n  ^f.2 . 1 . 3 -
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*K3. Results
4 . 3 . 1 .  Comparison o f  methods f o r  s o i l  n i t r o g e n  d e t e r m i n a t i o n
N i t r o g e n  r e c o v e r i e s  from s t a n d a r d  g l y c i n e  s o l u t i o n ,  
I n v e r g o w r ie  s o i l  and c o a l  a r e  p r e s e n t e d  f o r  a l l  t h r e e  methods 
i n  T a b le  4 . 1 .  F i g u r e s  r e p r e s e n t  means o f  s i x  r e p l i c a t e  
d e t e r m i n a t i o n s  f o r  s t a n d a r d  g l y c i n e  s o l u t i o n  and s o i l ,  and o f  
tw e lv e  r e p l i c a t e  d e t e r m i n a t i o n s  f o r  c o a l * u s i n g  methods 
CuSO^/Se/K^SO^ and H^O^. The HgO method produced problems 
th roug hou t  the whole s e r i e s  o f  e x p e r i m e n t s ,  r e s u l t i n g  i n  v e ry  
low n i t r o g e n  v a l u e s  compared to  o t h e r  methods,  and t h e r e f o r e  
r e p l i c a t e s  were re du ced  to  t h r e e  f o r  s t a n d a r d  g l y c i n e  s o l u t i o n  
and s o i l ,  and f o u r  r e p l i c a t e s  f o r  c o a l .
N i t r o g e n  r e c o v e r i e s  from s t a n d a r d  g l y c i n e  s o l u t i o n  
u s i n g  C u S O ^ / S e / ^ S O ^  and were 92% and 94% r e s p e c t i v e l y ,
r e c o v e r y  u s i n g  HgO was o n ly  67%. N i t r o g e n  c o n c e n t r a t i o n  o f  
I n v e r g o w r ie  s o i l  a s  d e te rm in e d  by and CuSO^/Se/K^SO^ were
a g a i n  s i m i l a r ,  w i th  mean v a l u e s  o f  0 * 206% dry mass s o i l  and 
0*192% dry mass s o i l  r e s p e c t i v e l y .  N i t r o g e n  c o n c e n t r a t i o n  as  
d e te rm in e d  by HgO was 0*087% dry mass s o i l ,  comparing v e r y  
u n f a v o u r a b l y  w ith  the  o t h e r  two methods .
A h i g h e r  n i t r o g e n  c o n c e n t r a t i o n  f o r  c o a l  was found 
u s i n g  compared to  CuSO^/Se/K^SO^ with  mean v a l u e s  o f
1*70% and 1*37% r e s p e c t i v e l y .  A very  low va lu e  was o b t a i n e d  
u s i n g  HgO with  a mean n i t r o g e n  c o n c e n t r a t i o n  o f  1*15%.
The ^ 2^2  method c o n s i s t e n t l y  r e c o v e r e d  th e  h i g h e s t  
n i t r o g e n  v a l u e s  i n  S ta n d a r d  g l y c i n e  s o l u t i o n ,  c o a l  and s o i l
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and was t h e r e f o r e  adopted  f o r  a l l  f u r t h e r  n i t r o g e n  
d e t e r m i n a t i o n s  i n  s o i l  i n  f u r t h e r  i n v e s t i g a t i o n s ,
^ - .3«2 .  N i t r o g e n  c o n c e n t r a t i o n s  o f  s o i l  a d j a c e n t  to  and d i s t a n t
from wood p o s t s  i n  s e r v i c e
.R esu l t s  o f  n i t r o g e n  c o n c e n t r a t i o n s  o f  s o i l  w i t h i n  10mm 
and 100mm from w o o d - s o i l  i n t e r f a c e s  f o r  t h r e e  i n c h  d ia m e t e r  
copper  chrome a r s e n i c  t r e a t e d  p in e  f e n c e  p o s t s  a r e  shown i n  
T a b le  4 , 2 .  R e s u l t s  f o r  s o i l  samples  w i t h i n  10mm o f  w o o d - s o i l  
i n t e r f a c e s  f o r  d i f f e r e n t  p o s t s  vary a g r e a t  d e a l ,  r a n g i n g  from 
0*203% ( P o s t  3 )  to  0*555% ( P o s t  2 ) .  A s i m i l a r  s pread  o f  v a l u e s  
i s  s e e n  f o r  s o i l  100mm from w o o d - s o i l  i n t e r f a c e s ,  0*215% ( P o s t  
f^) to  0*539% ( P o s t  1 ) .  N i t r o g e n  c o n c e n t r a t i o n s  o f  s o i l  a t  the 
two sample p o s i t i o n s  about th e  same p o s t  i n d i c a t e  t h a t  f o r  
p o l e s  3 and 5 l i t t l e  v a r i a t i o n  i n  such  c o n c e n t r a t i o n s  
o c c u r r e d .  S o i l s  a t  the two sample p o s i t i o n s  a t  p o s t s  1 and 2 
do,  however ,  show s i g n i f i c a n t  d i f f e r e n c e s .  S o i l  n i t r o g e n  
c o n c e n t r a t i o n  i s  g r e a t e r  100mm from th e  w o o d - s o i l  i n t e r f a c e  
( 0 *539% )  o f  p o s t  1 ,  compared to  s o i l  w i t h i n  10mm o f  the 
i n t e r f a c e  (0*^f62%).  The r e v e r s e  i s  s e e n  i n  p o s t  2 where s o i l  
n i t r o g e n  c o n c e n t r a t i o n  i s  g r e a t e r  w i t h i n  10mm o f  th e  p o s t  
( 0 * 5 5 5 % ) ,  compared t o  the  n i t r o g e n  v a lu e  100mm from th e  
i n t e r f a c e  ( 0 * ^ 7 0 % ) .  I n t e r e s t i n g l y  th e  c r e o s o t e d  p o s t  ( P o s t  6)  
had th e  l o w e s t  s o i l  n i t r o g e n  c o n c e n t r a t i o n  o f  any p o s t  f o r  
s o i l  w i t h i n  10mm o f  th e  w o o d - s o i l  i n t e r f a c e ,  a va lu e  o f  o n ly  
0*1^7% dry mass,  whereas  the  n i t r o g e n  c o n c e n t r a t i o n  100mm 
d i s t a n t  i n c r e a s e d  t o  0*2^0% dry mass.
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R e s u l t s  f o r  th e  two 6x6 i n c h  b ee c h  p o s t s ,  b o th  o f  
which showed e x t e n s i v e  s i g n s  o f  s o f t - r o t  d e c a y ,  i n d i c a t e d  s o i l  
n i t r o g e n  c o n c e n t r a t i o n s  i n c r e a s e d  with  p r o x i m i t y  t o  the  wood- 
s o i l  i n t e r f a c e ,  e s p e c i a l l y  w i t h i n  1mm o f  th e  wood s u r f a c e  
( T a b l e  ^ f .3 « ) *  For both  p o s t s  t h e r e  v/ere app ro x im ate  100% 
i n c r e a s e s  i n  s o i l  n i t r o g e n  c o n c e n t r a t i o n s  between s o i l  a t  100mm 
d i s t a n t  from th e  wood s u r f a c e  t o  s o i l  w i t h i n  1mm of  th e  wood 
s u r f a c e .  The n i t r o g e n  c o n c e n t r a t i o n  o f  th e  s u r f a c e  2mm o f  wood 
sampled i s  base d  on the dry mass o f  wood as  sampled r a t h e r  than  
th e  undecayed p r e i n s e r t i o n  m a s s e s ,  and hence  such v a l u e s  may be 
i n f l a t e d  by m a t e r i a l  l o s s  from the wood. A l low in g  f o r  t h i s ,  
however ,  th e  f i g u r e s  of  1 * ^ 28% and 1*21% a r e  h ig h  and i n d i c a t e  
t h a t  s u b s t a n t i a l  n i t r o g e n  i n c r e a s e s  have o c c u r r e d  i n  the  wood.
. 3 . 3 .  N i t r o g e n  c o n c e n t r a t i o n s  o f  s o i l s  a t  I . R . G .  f i e l d
s i t e s
S o i l  n i t r o g e n  c o n c e n t r a t i o n s  f o r  e l e v e n  s i t e s  
s u b m i t t e d  t o  Dundee C o l l e g e  o f  Tech nolo gy  a r e  shown i n  T a b le  
k . k .  V a lu e s  rang e  from 0*032% ( S i t e  2 9 )  t o  0*555% ( S i t e  0 2 )  
r e p r e s e n t i n g  c o n s i d e r a b l e  v a r i a t i o n  between t e s t  s i t e s .
N i t r o g e n  v a l u e s  may w e l l  be e l e v a t e d  i n  some s o i l s  i f  ob v iou s  
p l a n t  m a t e r i a l  had n o t  been removed,  as  such  o r g a n i c  m a t t e r  
a c t s  as  r e s e r v o i r s  o f  m o b i l i s i n g  n i t r o g e n .  When t h e s e  v a l u e s  
a r e  compared w ith  decay e s t i m a t e s  a t  f i e l d  s i t e s  (Levy & 
D i c k i n s o n ,  1 9 8 0  ojd. c i t . )  l i t t l e  r e l a t i o n s h i p  i s  ob s erv e d  
between s o i l  n i t r o g e n  v a lu e s  and decay s t a t u s  o f  th e  wood. 
Comparison i s  d i f f i c u l t ,  however,  due to  s m a l l  numbers o f  s o i l
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sam p les  s u b m i t t e d  and i n c o m p l e t e  r e p o r t i n g  of  f i e l d  
p e r f o rm a n c e  r e s u l t s  to  the  c o o r d i n a t o r s .
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Table 4.1.
N i t rogen  concentra t ions  o f :  1. S tandard  g lyc ine  
2. Coal ( % W / W ) a n d  3. Soi l  (% W/W dry  soil) as d e te rm ined  
b) CuSo4 / S e / K 2 SOi and  c) HgO. F i g u r e s  r e p re s e n t  means*  







M 3 )  Soi l
0-094+0-003 
1 -70 + 0 087 
0206+0-023
(b)
CuSo4/S e /K 2S04
0-092+0-004 
1 - 57 +0-127 
0-192+0-015
T fo r  r e p l i c a t i o n  see tex t
s o lu t i o n  (0-1%NW/V), 
u s i n g  a) H20 2, 
w i t h  s t a n d a r d
(c)
Hg 0 / K2 S04
0- 067+0-006




Nit rogen contents of soi l  ar 10mm and 100mm d is ta n c e s  f rom 
Scots pine fence  pos ts  (75mm d iam ete r ) .  P os ts  1 - 5  were t r e a t e d  w i th  
copper ch ro m e  a rs e n ic  p r e s e r v a t i v e  and  i n s e r t e d  in soi l  in y e a r  indicated.  
Post N° 5 was impregnated w i th  creosote and had been i n s e r t e d  in soi l  
for more than  25 y e a r s .  N i t r o g e n  v a lu e s  (% d r y  mass soi l )  a r e  means of 
th ree  r e p l i c a te  d e t e r m i n a t i o n s  and t h e i r  s tanda rd  d e v i a t i o n s .




Preservat ive Decays ta tus Soil N (%W/Wdry soi
1. 10
100
1954 CCA Sound 0-462+0-025
0-539+0-024
2. 10100 1966 CCA Sof t  rot
0555+0018
0-470+0-033
3. 10 10 0 1973 CCA Sound
0-203+0010
0-234+0005
L 10100 1973 CCA Sound
0-216+0-011
0-215+0-043
5. 10100 1975 CCA Sound
0-505+0024
0-512+0-026





Ni t rogen  con ten ts  of s u r f a c e  2mm of beech wood and  soil 
1mm, 10mm and 100mm from w o o d - s o i l  i n t e r f a c e .  Posts w e re  t reated 
w i th  c o pp e r  ch rom e  a r s e n i c  and had been i n s e r t e d  in s o i l  for  
a p p r o x i m a t e l y  6 y e a r s .  F igu res  re p resen t  means of f o u r  rep l i ca te  
d e t e r m i n a t i o n s  a nd  t h e i r  s t a n d a r d  d e v i a t i o n s .










Sof t  rot
1 -£ 2 8± 0 -2 3 0  
0-3 20 ±0-008 
0-281 ± 0 023
0- 189 ±0 011
1- 121 ± 0-150 
0-335 ± 0-009 




N i t r o g e n  c o n t e n t s  [%  W /W  d r y  s o i l )  of s o i l s  s u b m i t t e d  for 
a n a l y s i s  by c o l l a b o r a t i v e  m e m b e r s  of the  c o o p e r a t i v e  f i e l d  e x pe r im en t .  
F i g u r e s  a r e  m e a ns  of f o u r  r e p l i c a te  d e t e r m i n a t i o n s  and  t h e i r  s t a n d a r d  
d e v i a t i o n s .
S i te  N°. C oun t ry N i t r o g e n  ( % W / W )
0 2 A u s t r a  l ia 0 - 5 5 5 +  0 -0 3 8
1 3 I n d ia 0 - 1 2 8 +  0 -0 0 5
1 5 I t a l y 0-14 4 + 0 02 6
2 0 P o r t u g a l 0-101 + 0-011
2 3 S w i t z e r l a n d 0-262  + 0 0 0 7
24 U.K. 0-421 + 0 029
2 6 U.K. 0-303+ C-014
2 7 U.S.A. 0 -306  + 0 004
2 8 U.S.A. 0 -097  + 0-016
2 9 U.S.A. 0 -032  + 0-007
33 U.K. 0-148 + 0-013
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Table A.5.
Sources of soil nitrogen
1. Planrs, plant litter and fauna 
(if surface vegetation present)
2. Partially degraded organic -\
matter - Light fraction  or
ce llu la r  fraction
3. Microorganisms J
U. Humus and bound nitrogen 
5. Inorganic forms of nitrogen
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D i s c u s s i o nb.k.
E x t e n s i v e  p r e l i m i n a r y  e x p e r i m e n t a l  i n v e s t i g a t i o n s  
were u n d e r ta k e n  to  develo p  th e  hydrogen p e r o x i d e  method and i t  
i s  v e ry  c l e a r  from th e  r e s u l t s  t h a t  the  use o f  100  v o l .  
hydrogen p e r o x i d e  a s  an o x i d a n t  i n  th e  d i g e s t  i s  a t  l e a s t  a s  
e f f i c i e n t  a s  th e  more t r a d i t i o n a l  copper  s u l p h a t e / s e l e n i u m  
c a t a l y t i c  method f o r  d e t e r m i n a t i o n  o f  n i t r o g e n  i n  s o i l .  
F u r t h e r m o r e ,  th e  hydrogen p e r o x i d e  method has  th e  very  u s e f u l  
added ad van tage  t h a t  heavy m e t a l  c a t a l y s t s  such  a s  copper  a r e  
n o t  r e q u i r e d ,  w hich ,  i f  u s e d ,  would n e g a t e  any f u r t h e r  use  o f  
th e  d i g e s t  f o r  copper  chrome a r s e n i c  a n a l y s i s .  I t  i s  p o s s i b l e ,  
t h e r e f o r e ,  by th e  use  o f  t h i s  method i n  c o n j u n c t i o n  w ith  a 
m o d i f ie d  Markham steam d i s t i l l a t i o n  u n i t  to  d e te rm in e  b o th  
n i t r o g e n  and copper  chrome a r s e n i c  c o n c e n t r a t i o n s  from a s m a l l  
s i n g l e  s o i l  s a m p le .
The use o f  mercury a s  the c a t a l y s t  i n  th e  d i g e s t  
proved very  u n s a t i s f a c t o r y ,  n o t  on ly  i n  low r e c o v e r i e s  of  
n i t r o g e n ,  but  a l s o  i n  l o s t  r e s u l t s  with  a l l  m a t e r i a l s  t e s t e d .
I t  was obvio us  from c o l o u r  c hanges  o f  th e  i n d i c a t o r  i n  th e  
bromic  a c i d  t h a t  dur in g  n e u t r a l i s a t i o n  of  th e  a c i d  d i g e s t  i n  
the  Markham a p p a r a t u s  an a c i d  v o l a t i l e  was e v o l v e d .  Such 
v o l a t i l e s  c r u c i a l l y  a l t e r e d  s u b s e q u e n t  t i t r a t i o n  v a l u e s ,  
l e a d i n g  to  low a b e r r a n t  r e s u l t s  f o r  n i t r o g e n  c o n c e n t r a t i o n s .
Hydrogen p e r o x i d e  had been e v a l u a t e d  by McKenzie 8c 
W a l la c e  ( 1 9 5 4 ;  i n  H e s s e ,  1 9 7 1 ) ;  th ey  found the  method gave 
in c o m p l e t e  n i t r o g e n  r e c o v e r i e s .  S i n c e  1 9 5 4 ,  however,  hydrogen 
p e r o x i d e  o f  i n c r e a s e d  s t r e n g t h  ( 1 0 0  volumes) and o f  c o n s i s t e n t l y
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h i g h  q u a l i t y  h a s  become a v a i l a b l e .  Grimshaw ( p e r s .  comm.) 
s u g g e s t e d  r e e v a l u a t i n g  th e  method u s i n g  improved 100  v o l .  E ^ O ^ ,  
s u c h  e v a l u a t i o n s  s h o u ld  i n c l u d e  a n a l y s i s  o f  n i t r o g e n  
c o n c e n t r a t i o n s  i n  c o a l ,  a  r e c a l c i t r a n t  m a t e r i a l  known t o  be 
r e s i s t a n t  t o  d i g e s t i o n ,  and compared w ith  c a t a l y t i c  methods 
n o r m a l l y  employed.  The r e s u l t s  o f  such c o m p ar is o n s  showed 
d e te rm in e d  n i t r o g e n  c o n c e n t r a t i o n s  o f  c o a l  to  be s l i g h t l y  
h i g h e r  (1*70%W/W) when u s i n g  100  v o l .  th a n  when CuSO^/Se
was employed ( 1 *37%W/W). A l l  f u r t h e r  s o i l  n i t r o g e n  
d e t e r m i n a t i o n s  were u n d e r ta k e n  u s i n g  100 v o l .  hydrogen 
p e r o x i d e .
A n a l y s i s  o f  n i t r o g e n  c o n c e n t r a t i o n s  o f  s o i l  p r o x im a l  
t o  and a t  some d i s t a n c e  from copper  chrome a r s e n i c  t r e a t e d  p o s t s  
i n  s e r v i c e  proved v e r y  i n t e r e s t i n g .  The b ee c h  p o s t s  examined 
were s i t u a t e d  w i t h i n  3  m e tre s  o f  each o t h e r  and b o th  were 
'd e c a y e d  due t o  s o f t  r o t ,  which was v e r i f i e d  by s u b s e q u e n t  
m i c r o s c o p i c  e x a m i n a t i o n  o f  th e  wood i n  which w id espread s o f t  
r o t  c a v i t i e s  were e v i d e n t .  The r e s u l t s  f o r  n i t r o g e n  
c o n c e n t r a t i o n s  i n  s o i l  about the  b eech  p o s t s  a r e  s i m i l a r  to  
e a c h  o th e r  and i n d i c a t e  very  s i g n i f i c a n t  n i t r o g e n  i n c r e a s e s  a t  
th e  w o o d - s o i l  i n t e r f a c e s .  S o i l  samples  ab out  the  p o s t s  were 
ta k e n  a t  d i s t a n c e s  o f  1mm, 10mm and 100mm from th e  w o o d - s o i l  
i n t e r f a c e ,  and i t  was w i t h i n  th e  1mm depth o f  s o i l  t h a t  
l a r g e s t  n i t r o g e n  a c c u m u l a t i o n s  were ob s erv e d  (0 -3 2 0 %  and 
0*335%W/W), compared t o  n i t r o g e n  v a lu e s  o f  0*281% and 0 - 2 1 8% 
a t  10mm and 0*189% and 0 * 1 3 3 % a t  100mm from the  wood s u r f a c e .
Samples  o f  b e e c h  s u r f a c e  wood, to  a depth o f  2mm, 
were removed from th e  p o s t s  j u s t  below the  g r o u n d l in e  and i t
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was s e e n  t h a t  such wood had v e ry  e l e v a t e d  n i t r o g e n  c o n t e n t s  
(1 • k y >/o and 1*12%W/W). Even a l l o w i n g  f o r  normal i n c r e a s e s  
e x p e c t e d  i n  wood n i t r o g e n  c o n t e n t  due to  l o s s  o f  c a r b o h y d r a t e  
m a t e r i a l  d u r in g  decay such h ig h  n i t r o g e n  v a l u e s  i n d i c a t e  
s i g n i f i c a n t  n i t r o g e n  a c c u m u l a t i o n  w i t h i n  th e  wood.
There  was c o n s i d e r a b l e  v a r i a t i o n  i n  s o i l  n i t r o g e n  
between th e  l o c a t i o n s  o f  d i f f e r e n t  p in e  p o s t s  a t  both  10mm 
and 100mm d i s t a n c e s  from w o o d - s o i l  i n t e r f a c e s .  At 10mra from 
w o o d - s o i l  i n t e r f a c e s  n i t r o g e n  v a lu e s  v a r i e d  between 0*203% and 
0*555% ,  and a t  100mm v a l u e s  v a r i e d  between 0 * 2 1 5 % and 0*539%* 
Such wide v a r i a t i o n s  i n  v a l u e s  may r e f l e c t  th e  ex tend ed  a r e a  
over  which s am p l in g  was u n d e r ta k e n  n e c e s s i t a t e d  by the  need to  
encompass p o s t s  o f  v a r y i n g  p e r i o d s  o f  i n s e r t i o n  i n t o  s o i l .
R e s u l t s  i n d i c a t e d  t h a t  a t  o n ly  one o f  the p in e  p o s t s  
had n i t r o g e n  a c c u m u l a t i o n  o c c u r r e d  a t  th e  w o o d - s o i l  i n t e r f a c e  
and i t  was t h i s  p o s t  which was u ndergoing  d e c a y .  Of th e  
r e m a i n i n g  f o u r  p o s t s ,  none o f  which showed s i g n s  o f  d e c a y ,  
t h r e e  showed no d i f f e r e n t i a t i o n  i n  s o i l  n i t r o g e n  c o n c e n t r a t i o n s  
between th e  two s am p l in g  p o s i t i o n s ,  and a t  th e  f o u r t h  p o s t  s o i l  
n i t r o g e n  was d e p l e t e d  a t  i t s  s u r f a c e  compared to  s o i l  n i t r o g e n  
100mm from th e  w o o d - s o i l  i n t e r f a c e .
The g r e a t e r  n i t r o g e n  a c c u m u l a t i o n  i n  s o i l  a d j a c e n t  t o  
b e e c h  r a t h e r  th an  p in e  may be due to  the  r e s t r i c t e d  volume o f  
s o i l  sampled a t  b e e c h  p o s t s ,  one sample o f  which was w i t h i n  
1mm o f  th e  w o o d - s o i l  i n t e r f a c e ,  and th e  g r e a t e r  e x t e n t  t o  which 
decay  was o c c u r r i n g  i n  b e e c h .  The s i m i l a r  s o i l  n i t r o g e n  
p r o f i l e s  f o r  b o th  b ee c h  p o s t s  s u g g e s t ,  b e c a u s e  o f  t h e i r  
p r o x i m i t y  to  e ach  o t h e r ,  t h a t  s o i l  n i t r o g e n  c o n c e n t r a t i o n s
130
p r i o r  to  i n s e r t i o n  o f  th e  p o s t s  were s i m i l a r  and e v e n t s  which 
have o c c u r r e d  s i n c e  i n s e r t i o n  were l i k e w i s e  s i m i l a r .
I n t e r e s t i n g l y ,  the  p in e  p o s t  t r e a t e d  w ith  c r e o s o t e  
had th e  l o w e s t  s o i l  n i t r o g e n  c o n c e n t r a t i o n  10mm from th e  wood- 
s o i l  i n t e r f a c e  o f  any s o i l  t e s t e d .  The n i t r o g e n  c o n t e n t  o f  
s o i l  a t  t h i s  s i t e  was 0*1  whereas  lOOmmfrorn th e  wood
s u r f a c e  s o i l  n i t r o g e n  c o n c e n t r a t i o n  was 0 2 ^ 0 .  Q u a l i t a t i v e  
a s s e s s m e n t  o f  p l a n t  growth around b a s e s  o f  p o s t s  i n d i c a t e d  no 
d i f f e r e n c e s  i n  amounts o f  v e g e t a t i o n  p r e s e n t  around th e  b a s e  o f  
the  c r e o s o t e d  p o s t  compared t o  copper  chrome a r s e n i c  t r e a t e d  
p o s t s ,  and presum ably  o r g a n i c  m a t t e r  i n p u t  t o  s o i l  would be 
s i m i l a r .  I t  may be p o s t u l a t e d  t h a t  v o l a t i l e  e m i s s i o n s  from 
c r e o s o t e d  p o s t s  to  s o i l  i n h i b i t  m i c r o b i a l  a c t i v i t y  t o  such  a 
d e g re e  t h a t  o r g a n i c  m a t t e r  a c c u m u l a t e s .  Such o r g a n i c  m a t t e r  
would be removed d u r in g  s o i l  p r o c e s s i n g  and p r e p a r a t i o n  p r i o r  
t o  n i t r o g e n  d e t e r m i n a t i o n s  w ith  c o n s e q u e n t  l o s s  o f  n i t r o g e n  
from the  s o i l .
Although the  i n v e s t i g a t i o n s  u n d e r ta k e n  were 
p r e l i m i n a r y  i n  n a t u r e  and r e s t r i c t e d  i n  e x t e n t  the  r e s u l t s  f o r  
b e e c h  i n d i c a t e d  s i g n i f i c a n t  i n c r e a s e s  i n  n i t r o g e n  i n  s o i l  
a d j a c e n t  to  wood u n d e rg o in g  d e c a y ,  and as  such  were c o n s i d e r e d  
t o  w arran t  f u r t h e r  i n v e s t i g a t i o n .  I t  was a l s o  c o n s i d e r e d  t h a t  
th e  form o f  n i t r o g e n  and p r o c e s s e s  which m edia ted  such 
i n c r e a s e s  might be o f  fundam enta l  im p ortan c e  i n  wood 
d e c o m p o s i t io n  i n  s o i l .  I f ,  a s  King _et. a l .  ( 1 9 8 1 ) a rgued t h a t  
such  n i t r o g e n  i n c r e a s e s  were the  r e s u l t  o f  i n c r e a s e d  m i c r o b i a l  
p r e s e n c e  th en  s i g n i f i c a n t  movement and growth o f  s o i l  
m ic r o o rg a n is m s  towards  wood i n  s o i l  must have t a k e n  p l a c e .
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A g r i c u l t u r a l  s o i l s  g e n e r a l l y  have t o t a l  n i t r o g e n  
c o n c e n t r a t i o n s  o f  b etween 0 - 020%-0*500?cW/W dry s o i l  (C a m p b e l l ,  
'1977)*  T o t a l  s o i l  n i t r o g e n  c o n c e n t r a t i o n s  a t  the  e l e v e n  
I n t e r n a t i o n a l  R e s e a r c h  G ro u p 's  s i t e s  d i s t r i b u t e d  worldwide 
rang ed  between 0 »0 32 %-0 «5 5 5 %W/W dry s o i l ,  i n d i c a t i n g  
c om parab le  v a l u e s  w i t h i n  th e  rang e  o f  v a l u e s  f o r  a v e r a g e  
s o i l s .
The c o l l a b o r a t i v e  f i e l d  e x p e r im e n t  (Levy & D i c k i n s o n ,  
1 9 8 0 ) was u n d e r ta k e n  to  d e te rm in e  th e  per form an ce  o f  copper  
chrome a r s e n i c  t r e a t e d  s t a k e s  o f  s e l e c t e d  wood s p e c i e s  a t  
v a r i o u s  f i e l d  s i t e s  around th e  w or ld ,  with  p a r t i c u l a r  
r e f e r e n c e  to  s o f t  r o t .  Four r e f e r e n c e  wood s p e c i e s  were 
c h o s e n ,  A l s t o n i a  s c h o l a r i s . Be t u l a  p e n d u l a , Fagus s y l v a t i c a  
and P in u s  s y l v e s t r i s ; s t a k e s  were e i t h e r  u n t r e a t e d  or t r e a t e d  
t o  r e f u s a l  with  e i t h e r  0 * 66%, 3 * 0 1 % or  3 * 60% (W/W)
copper  chrome a r s e n i c .  Decay e s t i m a t e s  were u n d e r ta k e n  a t  6 , 
1 2 , 1 8 , 2.k and 30  month b u r i a l  p e r i o d s ,  and th e  c o n d i t i o n  o f  
the  s t a k e s  ranked 0 , 1 , - 2 , 3  or  k  depending on the s e v e r i t y  o f  
a t t a c k ,  0 e q u i v a l e n t  t o  no a t t a c k  and 4 com ple te  f a i l u r e .
R e s u l t s  o f  th e  t e s t  (Levy & D i c k i n s o n ,  1 9 8 0  ojd. c i t . )  
were i n c o m p l e t e  w ith  i n c o n s i s t e n t  r e p o r t i n g  o f  decay e s t i m a t e s  
t o  th e  c o o r d i n a t o r s .  C o r r e l a t i o n  between t o t a l  s o i l  n i t r o g e n  
a t  f i e l d  s i t e s  w ith  decay e s t i m a t e s  was t h e r e f o r e  d i f f i c u l t  to  
a s s e s s  and l i m i t e d  t o  th o s e  i n d i v i d u a l s  who s u b m i t te d  b oth  
d ecay  e s t i m a t e s  and s o i l  f o r  a n a l y s i s .  E v a l u a t i o n  o f  th e  
r e l a t i o n s h i p  between the  two p a r a m e t e r s  was n e c e s s a r i l y  
q u a l i t a t i v e  and u n t e s t e d  s t a t i s t i c a l l y ;  however,  a v a i l a b l e  
d a t a  i n d i c a t e d  t h a t  no c o r r e l a t i o n  e x i s t e d  between t o t a l  s o i l
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nitrogen and decay.
Nitrogen availability is generally considered to be 
an important determinant for soft rot and is an essential 
resource determining rates of all forms of decomposition of 
organic matter in terrestrial ecosystems (Swift, Heal and 
Anderson, 1979) yet little critical consideration has been 
given to the mobilisation of this nutrient in the decomposition 
of preserved wood in soil. The lack of correlation of the 
results presented in this document with decay estimates does 
not mean that the former are of no value, as they can act as a 
starting point from which an evaluation of the role of soil 
nitrogen on intersite variation can be made. However, if this 
is to be done there is a need for standardisation of sampling 
methodology on site and agreement on soil preparation and 
analytical procedures.
The small size of the specimens submitted for 
analysis, unless these were representative samples, may mean 
that these do not reflect the nutritional status of the 
individual sites. Similarly, while it is well known that the 
greater proportion of nitrogen in soil is in the form of 
organic matter, microorganisms, or adsorbed to soil colloids 
(Table 4.5.), standard analytical methods exclude bulked 
organic matter, e.g. plant detritus, which may be the primary 
resource of mobilisible nitrogen.
Estimation of total nitrogen availability in soils 
should therefore include reference to those nitrogen 
components outlined in Table 4.5. as all are implicated in 
soft rot decomposition of preserved and unpreserved wood. If
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im m o b i l i s e d  n i t r o g e n  i n  th e  form o f  m ic ro o rg a n is m s  i s  th e  
m a jo r  means o f  n i t r o g e n  t r a n s f e r  t o  wood i n  s o i l  a s  p o s t u l a t e d  
by King _et a l .  ( 1 9 8 3 ) 1  th en  f u r t h e r  s t u d i e s  s h o u ld  i n c l u d e  
d e t e r m i n a t i o n  o f  c e l l u l a r  f r a c t i o n  s o i l  o r g a n i c  m a t t e r  and 
t o t a l  o r g a n i c  m a t t e r  c o n t e n t s  a l o n g  with  a m i c r o b i o l o g i c a l  
a n a l y s i s  as  im p o r t a n t  c o n s i d e r a t i o n s  i n  the  t o t a l  n i t r o g e n  
economy d u r in g  d e c o m p o s i t io n  o f  p r e s e r v e d  wood.
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Chapter 5
Changes in microbial populations 
in soil adjacent to wood.
5 . 1 Introduction
Preliminary investigations of total nitrogen contents 
of soil adjacent to decaying wood described in chapter 4 
indicated that nitrogen accumulation took place in soil 
contiguous with wood surfaces and that increases in nitrogen 
concentrations of the order of 100$ occurred in soil within 
1mm of the wood soil interfaces of the beech posts examined. 
Qualitative visual assessment of soil crumb development of 
soil surrounding small stakes (150 x 10 x 5mm), used in decay 
studies by other workers at this laboratory, appeared to 
indicate that microbial population densities increased in soil 
adjacent to decaying wood. Microbial accumulation was not 
evident however in soil surrounding preserved undecayed blocks 
which were completely buried in soil for similar time periods. 
Blocks removed from soil for nitrogen and mass loss 
determinations in these experiments showed that microbial 
accumulation, as indicated by soil crumb development and soil 
adhesion to blocks, only occurred in those blocks undergoing 
decay. It was considered therefore that a relationship 
existed between events occurring during wood decay and the 
observed development of microbial accumulations taking place 
in soil at wood soil interfaces.
Chapters 2 and 3 of this thesis have demonstrated 
the important influences that wood components have on 
behaviour patterns of both fungi and bacteria. Some wood 
decay fungi showed hyphal extension towards wood
during growth and such responses were demonstrated by fungal
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colonies developing up to 35mm from wood baits. Bacteria 
commonly isolated from wood and soil habitats showed marked 
tactic responses to cold water sapwood extracts of several 
wood species and such bacteria accumulated in area of high 
nutrient concentration especially responding to those 
nutrients with a nitrogen component. It was postulated 
therefore that chemostimulation of soil microflora by wood 
emplaced in soil could initiate increased microbial 
populations at wood soil interfaces, and that the microbiology 
and microbiological activity in soil about wood would be 
markedly different for unammended soil.
In all wood decay studies undertaken at this 
laboratory the nitrogen content of wood samples buried in 
soil increased during the decay process and for reasons 
considered in chapter 4 it was postulated that such increases 
must be due to microbial populations migrating from soil to 
wood. Microbial propagules at wood-soil interfaces may 
directly colonise freshly emplaced wood in soil. This 
however would not involve significant nitrogen increases in 
wood because of the limited numbers of such propagules 
coincident with wood surfaces. Chemostimulation of the soil 
microflora by wood volatiles and leachates could attract 
microorganisms at some distance into the soil and thus 
stimulate growth and movement of microflora to wood. By such 
a process numbers of microorganisms in soil surrounding wood 
and not only those located at the wood surface might be 
stimulated to invade wood in large numbers thereby 
significantly increasing its nitrogen content. It was
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considered therefore that an investigation into microbial 
population dynamics in soil adjacent to wood during wood 
decomposition would be of fundamental importance to an 
understanding of wood decay.
A major problem in quantifying microbial 
populations in soil is that widely varying values are 
obtained depending on methods of evaluation employed. Direct 
counts i.e. by microscopic examination generally give 
estimates of cell numbers and hyphal lengths several hundred 
times greater than other methods used e.g. viable counts.
Direct microscopic observations of soil microflora is 
difficult because of the opaque nature of soil particles. To 
overcome this problem, microscopic estimation of numbers of 
bacterial cells and fungal hyphal lengths are generally 
undertaken on small amounts of soil dispersed in water of 
known volume. These are then mixed with molten agar and thin 
agar films prepared and mounted on microscope slide which can 
then be stained (Jones & Mollison, 1947, Thomas et al, 1965). 
Bacterial numbers and hyphal lengths thus determined can then 
be used to determine biomass (Olson, 1950; Berg & Soderstrom, 1979 
Baath & Soderstrom, 1979a,b.).
The disadvantage of direct observation of stained 
thin soil films is the inability to distinguish between viable 
and non-viable organisms.  ^ This disadvantage has been partially 
overcome for fungi by use of phase contrast microscopy 
(Prankland, 1975) and special vital staining techniques 
(Soderstrom, 1977). Counting of viable bacterial cells by 
serial dilutions from dispersed soil in water has the
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drawback of media selectivity with growth of disparate 
taxonomic groups of bacteria either promoted or restricted.
Thus complex procedures and numerous selective media are 
required in order not to omit major bacterial groupings. 
Tiirthermore such methods do not provide useful quantitative 
data on fungal populations because of the filamentous nature 
of fungal growth and the inability to distinguish between 
colonies arising from hyphal fragments as opposed to spores.
Chemical determination of soil microbial biomass can 
be undertaken by a number of methods. Hexosamine assays 
measure amounts of fungal cell wall but is only effective for 
pure culture determinations with individual fungi due to 
variation in hexosamine content of cell walls between different 
fungal species (Swift, 1973)• Adenosine triphosphate (A.T.P.) 
content of the microflora in soil is presently undergoing 
extensive investigation as a possible effective and reliable 
evaluator of soil microbial biomass (Jenkinson & Oades 1979)* 
A.T.P. is present in cells of all organisms, it is however 
strongly absorbed into clay particles in soil and is only 
stable outside cell walls for limited time periods dependent 
on the chemical and physical environment. To overcome these 
problems soil is flooded, prior to A.T.P. extraction from cells, 
with a compound which occupies the sites on the clay particles 
which would absorb the A.T.P. and the A.T.P. molecule stabilised 
by addition of buffers to the soil at low temperatures. Once 
A.T.P. has been extracted its soil concentration is determined 
by measuring the relative quantity of light produced when the 
A.T.P. is mixed with luciferin - luciferase in a luminometer
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and light output values compared to a standard curve. (Paul 
& Johnson, 1977; Eiland, 1979). The A.T.P. method was 
evaluated for use in this investigation but it was shown that 
amounts of soil available from about blocks was below the 
amount required for an A.T.P. assay.
Respirometrie and calorimetric methods generally 
require large soil samples (> 5g) for useful measurements to 
be made although microcalorimetry which assesses activity in 
small samples of soil might prove useful however such a 
method utilises special apparatus unavailable during this 
investigation (Sparling, 1981). It was considered therefore 
that the agar film method was most appropriate to obtain 
accurate data on both fungal hyphal lengths and bacterial 
numbers in soil.
Measurement of soil microbial activity can also be 
undertaken by enzyme assays which include cellulases, amylases, 
invertases and pectinases however such methods are limited 
because of substrate specificity. Non substrate specific 
enzymes such as dehydrogenases, which are enzymes present 
in all organisms, give a more useful indication of overall 
activity as they are a direct measure of the metabolic 
respiratory apparatus. After preliminary investigations it 
was considered that dehydrogenase assays were the most useful 
method to measure relative activity in the soil microbial 
population as the enzyme is not substrate specific and only 
required small soil samples for measurements to be made. 
Dehydrogenase assays are straight forward colormetric 
procedures which allow a sufficient number of samples to be
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processed to permit the necessary replication to be undertaken 
in the available time.
As soft rot decay of wood in soil is largely 
considered to be a problem of hardwoods especially when 
treated with copper chrome arsenic preservatives, it was 
decided that a comparative study using both an untreated and 
copper chrome arsenic treated hardwood and softwood would be 
carried out to determine whether the postulated changes in 
microbial population densities in soil differed between wood 
type and treatment. Few studies have been undertaken to 
examine microbial population dynamics in soil adjacent to 
wood during wood decomposition processes, it was considered 
therefore that a simultaneous study of wood and soil 
surrounding wood during wood decay would be of value to an 
understanding of microbial behavious prior to and during wood 
decomposition. Such a study would be of especial interest in 
examing possible relationships between microbial behaviour in 
soil during wood decomposition and the induction and decay 
phases of wood decay described by Smith (1980).
Results presented earlier in this thesis have shown 
that wood acts as a chemostimulant to both fungi and bacteria. 
It was postulated that such stimulation of soil microflora 
would result in increased microbial populations in soil in 
proximity to wood - soil interfaces. In view of previous 
results for soil nitrogen presented in chapter 4, nitrogen 
contents of soil were also assessed to determine whether this 
parameter could be used as an indicator of microbial presence.
The aims of the investigation described in this
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chapter were therefore:
1 • To monitor microbial populations in soil adjacent 
to wood during decay by direct measurement of 
bacterial numbers and fungal hyphal lengths.
2. To measure metabolic activity of such populations 
by dehydrogenase assay.
3. To determine whether there was a correlation 
between changes in soil nitrogen content and 
decay status of wood as measured by mass loss 
and nitrogen input.
4. To determine if soil microbial population density 
and dehydrogenase activity were in any way 
related to events taking place in wood during the 
decomposition process.
5.2. Materials and Methods
5.2.1. Preparation of wood blocks.
Quartersawn planks of lime (Tilia vulgaris Hayne.) 
and pine (Pinus sylvestris L.), previously dried in a fan 
oven at 40°C and stored in a ventilated cupboard at ambient 
laboratory temperatures for six months, had radial surfaces 
removed to a depth of 2mm. Blocks measuring 30 x 20 x 5mm 
were cut from the sapwood of such planks so that the 20 x 5mm 
faces were in transverse section, the 30 x 5mm faces in 
tangential section and the 30 x 20mm faces in radial section. 
Blocks were dried in an oven at 102° + 2°q -to constant mass 
and weighed. Half the lime and half the pine blocks were 
then impregnated with 0.5% W/V and 0.25% W/V copper chrome 
arsenic solutions (BS 4072:1974) respectively.
Impregnation was carried out by weighting down 
blocks with glass slides in glass containers placed in a 
vacuum dessicator. A vacuum was drawn for 15 minutes 
followed by the introduction of the treating solution and the 
release of any residual vacuum (BS 6009:1982). Blocks were 
left submerged for 30 minutes, removed from solution blotted 
dry and placed on 30 x 5mm faces on glass sheets in a large 
glass tank. A small amount of xylene in a glass vessel was 
placed at the bottom of the tank and the tank sealed with a 
glass sheet cover. Blocks were turned onto alternate 30 x 
5mm faces twice weekly. The tank was kept sealed for two 
weeks, partially open for a third week and fully open for a
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further week. Blocks were stored in closed glass petri 
dishes for a period of six weeks prior to leaching.
Blocks were leached prior to burial by soaking for 
24 hours in glass distilled water (21 blocks/5 litres). They 
were then removed and placed on a plastic mesh in a vacuum 
dessicator and a vacuum drawn for 10 minutes, any extracted 
liquid running off blocks through the mesh. Blocks were 
blotted dry and impregnated with fresh glass distilled water 
as described for copper chrome arsenic solutions. They were 
then soaked for a further 72 hours in glass distilled water 
with a change of water every 24 hours. Blocks were removed 
from the water, blotted dry and allowed to air dry at ambient 
laboratory temperatures to approximately 100$ moisture.
5.2.2. Burial
The moisture content and water holding capacity 
were determined (Savory, 1973) for Invergowrie soil previously 
sieved through a 2mm screen. Preweighed plastic containers 
measuring 2S0 x 200mm and 95mm deep were filled to a depth of 
40mm with soil. Blocks were inserted to a depth of 10mm with 
30 x 5mm tangential faces in the horizontal plane and were 
positioned using a template later used to locate blocks for 
recovery. Pine and lime blocks were buried in separate boxes 
with three replicate treated and three replicate -untreated 
blocks, randomly located at template positions, per box. 
Controls consisted of two similarly buried, prewashed perspex 
blocks of the same dimensions as the wood. Boxes were then
filled with soil to a depth of 80mm giving 30mm of soil below 
the lower horizontal 30 x 5mm face and 30mm of soil above the 
upper 30 x 5mm face. Boxes were weighed and wetted evenly 
over the surface with enough distilled water to bring the 
soil to either 80$ or 100$ of its water holding capacity for 
boxes of lime or pine blocks respectively.
Boxes of soil were incubated in the dark at 25°C 
and weighed twice weekly and where necessary distilled water 
added over the surface to maintain soils at required water 
holding capacity. Seven boxes were prepared for each wood 
type and one box of each wood type sacrificed at 1 : 2 : 3 s 4 : 6 :
12 & 24 week time periods.
After burial the positions of blocks were determined 
using the template and the four upper corners of each block 
located and marked with 50mm fine steel pins. Blocks were 
recovered together with adjacent soil to within 3mm of wood-soil 
interfaces. This was achieved using a piece of thin, tin-plated, 
sheet steel folded into an open ended rectangular mould the 
cross section of which measured 36 x 11mm i.e. greater by 6mm 
than the dimensions of the horizontal 30 x 5mm tangential 
faces of the block. The positioning of the mould was guided 
by the four steel pins located at the upper four corners of the 
block. Soil above and below the upper and lower surfaces of 
the block was removed to within 3mm of the wood-soil interface 
using a narrow spatula marked at 3mm and both block and soil 
placed in sterile glass petri dishes.
Soil was removed from blocks by gentle brushing and 
collected in the sterile glass petri dishes, blocks were
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weighed prior to drying to constant mass in an oven at 
102°+ 2°C "before reweighing. From these weighings block 
moisture contents were determined on post burial weight and 
mass loss calculated on preburial weight. Soil was mixed 
thoroughly by stirring with a glass rod to homogenise samples 
prior, to analyses.
5.2c3. Wood analysis - determination of nitrogen 
content of wood
^  Reagents used were all of Amalar grade and
volumetric glass ware grade A. Dried wood blocks were finely 
divided with a scalpel and approximately one third of the mass 
randomly collected weighed accurately then placed in a 50cm
3
dry micro-kjeldahl digestion flask. 3cm concentrated, 
nitrogen free sulphuric acid (18K) was added followed dropwise
rz
by 2cnr hydrogen peroxide (100 vol.) Flasks were gently 
heated on digestion stands and when the sulphuric acid began 
to fume flasks were allowed to cool prior to the addition of
3
a further 2cm hydrogen peroxide. Flasks were reheated and
3
the above procedure repeated with a third 2cm volume of
3
hydrogen peroxide. In each case a total.volume of 6cm 
hydrogen peroxide was sufficient for complete digestion 
indicated by the solution remaining clear on continual heating. 
The time for the digestion process varied between 60 - 90 
minutes. Distillation was carried out as described in section
4.2.1.3. B using AOfi W/V sodium hydroxide solution.
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5.2.4 Soil analysis
5.2.4.1. Determination of nitrogen content of soil
Nitrogen contents of soils were determined using 
hydrogen peroxide in the digest as described in section
4.2.1.3.
5.2.4.2. Dehydrogenase assay
Dehydrogenase assays were undertaken after the 
manner of Casida et al (1964) and Burns (1978) and modified 
as part of this project for use with small soil samples. 
Approximately 1 . 5g of soil was weighed accurately and mixed 
thoroughly with 1 5mg calcium carbonate. The intimate mixture 
was transferee to a 120 x 15mm screw top test tube and saturated 
with 2cm^ 0.75^ W/V 2,3,5, - triphenyltetrazolium chloride (TTC) 
aqueous solution and mixed thoroughly on a vortex shaker. Tubes 
were sealed and incubated in the dark for 24 hours at 30°C.
3
After incubation 5cm ethanol wTas added to each tube
and mixed for 5 minutes. Heavier soil particles were allowed
to settle and the liquid decanted into centrifuge tubes.
3
Remaining solids were rinsed with a further 3.0cm ethanol and 
x
the final 10cm centrifuged at x 7000g for 10 minutes to remove 
lighter soil particles. About 5cnr of tie clear liquid was 
transfered by pipette to a quartz cuvette and the absorbance 
of the red coloured 2,3,5, - triphenyl tetrazolium formazan 
(TTE) produced determined spectrophotometrically (Cecil CE 202)
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at 485mm. The concentration was calculated by reference to 
a standard curve of TTF in ethanol.
5.2.4.3« Determination of soil microbial populations
5.2.4.3*1.Preparation of agar films
The method of agar film preparation was as described 
by Thomas et al (1965), a modification of the original method 
of Jones & Mollison (1947). Approximately 1.5g of soil was 
weighed accurately and transferred to a mortar and ground for
3
5 minutes with 5cm sterile distilled water. Soil was allowed
3
to settle and the liquid decanted into a sterile 50cm 
Erlenmeyer flask. This procedure was repeated three times
3
with further 5cnr aliquots of sterile.distilled water but
3
with grindings limited to 2 minutes. The 20cm soil water
3
suspension so prepared was transferred to a 100cm Erlenmeyer
•z
flask containing 30cnr of 2.5$ agar agar (Oxoid L.28) kept
o 5molten in a water bath at 50 0 giving a final 50cm volume 
of soil suspension in 1.5$ agar agar.
The soil suspension was thoroughly mixed by shaking 
and allowed to settle for 10 secs and small amounts removed 
from 10mm below the surface using sterile Pasteur pipettes.
One drop was placed on the platform of a haemocytometer 
(Weber B3 748), depth 0.1mm and a coverslip immediately placed 
over the platform. The agar was allowed to solidify and the 
coverslip removed gently. Excess agar was removed from the 
moats at the sides of the platform using a scalpel and the agar
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film floated off the haemocytometer below water either by 
gentle agitation or with a small, fine, soft bristle brush. 
Agar films were transferred, whilst still in water, onto 
glass slides. Excess water was removed by gentle blotting. 
Films were allowed to air dry at ambient laboratory 
temperatures as even minor heating causes excessive cracking 
of the agar film due to rapid shrinkage. Dried films were 
stained for 1 hour with phenolic aniline blue (Jones & 
Mollison, 1947) and washed 4 times in 98^ V/V ethanol 
solution.
5.2.4.3.2. Estimation of fungal hyphal length and
bacterial numbers.
Length of fungal hyphae was estimated using the 
method of counting numbers of intersections hyphae make with 
grid lines etched on an eyepiece graticule inserted in the 
eyepiece objective of a microscope. The method was originally 
developed by Olson (1950) for measuring lengths of filamentous 
algae.
Agar films were examined at x 1000 magnification 
and viewed through a 10 x 10 square grid previously calibrated 
to determine distance between grid lines at x 1000 magnification. 
Twenty fields of view, randomly chosen, per agar film were 
examined and three films per wood block prepared for each wood 
type and treatment for 1, 12 and 24 week time periods.
Numbers of intersects that hyphae make with both 
vertical and horizontal grid lines were counted excluding
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those intersects made with the two outermost grid lines, 
vertically on the extreme right and the basal horizontal 
line. Similarly all bacteria enclosed by the outer perimeter 
of the grid were counted. Mean numbers of hyphal intersects 
and bacterial numbers were calculated for the twenty random 
fields of view per agar film.
Hyphal length was calculated using the equation 
(Olson 1950).
Hyphal length = number of intersections x
TT x unit distance of grid
4
The unit distance was the distance between one 
gridline and the next, 0.01 mm at x 1000 magnification for the 
grid used in this investigation.
From these data a mean value for fungal hyphal length 
and bacterial numbers was calculated for the area beneath the 
grid. The agar film had a depth of 0.1mm, the platform depth 
of the haemocytometer, and the area enclosed by the grid 
measured 0.1 x 0.1mm. The volume of agar film examined per
•Z 'Z
field of view was therefore 0.1 x 0.1 x 0.1mm = 0.001mm «
As a known mass of soil had been dispersed in the
■ 3 "3
final volume of soil suspension of 50cnr (50,000mnr), each
field of view represented 50,000/0.001 = 5 x 1 0 ^  of the
original mass of the soil. Hyphal lengths and bacterial
7
numbers per field of view were multiplied by 5 x 10 to 
determine hyphal length and bacterial numbers in the original 
soil mass. Values so calculated were then expressed as meters 
of hyphae or numbers of bacteria per g dry soil.
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5c3* Results
5.3*1. Woods nitrogen content and mass loss
Results for nitrogen contents and mass losses for 
"both copper chrome arsenic treated and untreated lime and pine 
blocks are presented in figs 5.1 - 5.4. During the first week 
of burial total nitrogen contents of all blocks increased by 
approximately 40# regardless of wood type or treatment. After 
this period rates at which nitrogen contents of blocks increased 
differed between wood type and presence or absence of 
preservative. Mass loss did not become significant (>3$) in 
any block before week 4 and rates of mass loss differed 
between wood type and whether there was a preservative 
presence.
Ritrogen contents of untreated lime blocks (fig 5.1.) 
remained constant throughout the period weeks 2 to 3 after an 
initial increase of 0.042# during the first week. During the 
same period mass also remained constant at approximately 2#.
In the period week 3 to 4 there was a marked increase in 
nitrogen contents of blocks from 0.170# to 0.220# with a 
concomitant increase in mass loss from 2.2# to 6.9#• During 
weeks 4 to 24 nitrogen content of blocks continued to increase 
but with a gradual diminution in the rate of increase with 
time. Rates at which mass loss occurred decreased between 
weeks 4 to 6 and thereafter remained constant with an 
approximate 1.8# mass loss occurring per week for the period 
week 6 to 24.
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Results for nitrogen contents and mass loss for 
lime blocks treated with 0.5# copper chrome arsenic solution 
are presented in fig 5.2. Nitrogen content of blocks 
increased during the first two weeks of burial from a 
preburial value of 0.125# to 0.204#, thereafter until week 6, 
nitrogen contents remained relatively constant at approximately
0.205#. During the same period, weeks 0 - 6 ,  mass loss 
remained insignificant at below 3#* Nitrogen contents of 
blocks increased during the period weeks 6 - 1 2  and reached a 
value of 0.234# by week 12, also during the 6 - 1 2  week period 
as nitrogen content of blocks increased there was a 
simultaneous increase in mass loss from 2.7# to 6.3#. After 
week 12 rates of increase for both nitrogen content of blocks 
and mass loss accelerate reaching values of 0.410# and 24*6# 
respectively. Such values represent mean weekly incremental 
increases in nitrogen content of blocks of 0.004# and 0.015# 
for the 6 - 1 2  week and 1 2 - 2 4  week periods respectively.
For the same periods mean weekly rates of mass loss increase 
from 0.6# during the 6 - 1 2  week period to 1.5# for the
1 2 - 2 4  week period.
Values for nitrogen contents and mass loss of 
untreated pine blocks are shown in fig 5.3. During the first 
week of burial nitrogen contents of blocks showed a large 
increase of 0.049# thereafter until week 6, with the 
exception of week 3, there was a mean nitrogen increase of
0.004# per week reaching a value of 0.143# by week 6. In the 
period up to week 6 no significant loss of mass of blocks 
occurred. From week 6 to week 12 nitrogen contents of
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in theblocks increased at a mean weekly rate of 0 . 0 0 7 # ,  
same period mass loss becomes significant ( > 3#) reaching 
a value of 3.8# by week 12 which represented a rate of loss 
of 0 . 5 #  p e r  week. During the period week 1 2 - 2 4  nitrogen 
contents of blocks increase from 0 . 1 8 7 #  to 0 . 2 4 2 #  at a mean 
weekly rate of 0.005# and mass loss reached 9.2# representing 
an incremental loss of 0.5# per week.
Results for nitrogen contents and mass loss of pine 
blocks treated with 0.25# copper chrome arsenic solution are 
presented in fig 5.4. Nitrogen contents of blocks increased 
by 0.055# during the first week of nurial followed by a 
further 0.020# increase in the weeks 1 to 2 period. Nitrogen 
contents then increased gradually but erratically until week 
12 reaching a value of 0.187#. In the period weeks 1 - 1 2  
mass loss was not significant and only became significant 
( >3#) by week 24 by which time nitrogen contents of blocks 
were increased to 0.205# a rate of increase of 0.0016# per 
week.
The relationship between nitrogen contents of 
blocks and mass loss over the decay period of 24 weeks is 
shown in fig 5.5. A significant correlation exists 
(r = 0.95) between nitrogen content of blocks and the decay 
status of the wood regardless of wood type or treatment. 
Nitrogen contents of wood increased as mass loss increased 
however a level of nitrogen of approximately 0.200# was 




Dehydrogenase activitj^ in soil within 3mm of 
untreated lime blocks and inert control blocks is presented 
in fig 5.6. The results show that during the first week of 
burial dehydrogenase activity showed a minor increase in soil 
about wood blocks but remained unchanged in soil about perspex 
blocks. By week 2 activity had increased in soil about both 
wood and control blocks but during the period weeks 2 - 3  
dehydrogenase activity declined rapidly in soil about the 
inert controls but remained unaltered in soil within 3mm of 
wood blocks. During the period weeks 3 - 2 4  dehydrogenase 
activity about inert control blocks showed a gradual decline 
and by week 24 was at a level below that at 0 week. In soil 
about untreated lime blocks there was a very significant 
increase in dehydrogenase activity during the period weeks
3 - 4  and this corresponded with the accelerated rate of mass 
loss and nitrogen content of these blocks during the same 
period (fig 5.1). After week 4 dehydrogenase activity 
continued to increase but the rate of increase declined both 
at periods weeks 4 - 6  and 6 - 1 2 .
The relationship between dehydrogenase activity in 
soil about untreated lime blocks and the nitrogen contents 
and decay status of such blocks is presented in fig 5.7. A 
significant correlation exists between soil dehydrogenase 
activity and nitrogen contents and mass loss of blocks. As
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nitrogen content and mass loss in the wood increased 
dehydrogenase activity in soil increased significantly also.
The significant correlation of dehydrogenase activity in soil 
to both mass loss and nitrogen content of blocks is expected 
because of the very significant correlation these two parameters 
showed during wood decay (fig 5*5) in this investigation.
Dehydrogenase activity in soil within 5nim of lime 
blocks impregnated with 0.5$ copper chrome arsenic and inert 
controls is presented in fig 5*8. Results show that 
dehydrogenase activity in soils around both wood blocks and 
controls was broadly similar until the 4 - 6  week period at 
which time dehydrogenase activity began to differ. After week 
6 dehydrogenase activity in soil surrounding wood blocks began 
to increase gradually, at the corresponding time period mass 
loss and nitrogen content of blocks began to increase 
significantly (fig 5.2).
The relationship between dehydrogenase activity in 
soil about the 0.5$ copper chrome arsenic treated lime blocks 
and nitrogen contents and mass loss is shown in fig 5*9. As 
for untreated lime blocks there is a significant correlation 
between dehydrogenase activity in soil and both nitrogen 
content of wood and its mass loss, as the values of mass 
loss and nitrogen content in wood increase there is a 
concomitant increase in dehydrogenase activity in soil.
Dehydrogenase activity in soil within of 
untreated pine blocks is shown in fig 5.10. Initially 
increased activity in soil surrounding both wood and control 
blocks took place however after week 2, activity in soil
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about control blocks decreased gradually. Dehydrogenase 
activity in soil about pine blocks was somewhat erratic 
during the first 6 weeks of burial after which time enzyme 
activity maintained a gradual increase. As for both treated 
and untreated lime blocks there was a positive correlation 
between dehydrogenase activity in soil and nitrogen contents 
and mass loss in blocks (fig 5.11). The graph indicates 
that dehydrogenase activity in soil increased contemporaneously 
with mass loss and nitrogen increases in wood; where no 
significant mass loss had taken place enzyme activity remained 
unchanged.
Dehydrogenase activity in soil within J im  of pine 
blocks treated with 0.25/^ copper chrome arsenic solution and 
inert controls are presented in fig 5*12. The results show 
that after initial increased activity in the period weeks 
1 - 2 enzyme activity in soil about both wood and controls 
decreased throughout the 2 - 24 week period. Interestingly 
it would appear from fig 5.13 that there is a negative 
correlation between enzyme activity in soil about preserved 
pine and mass loss and nitrogen content in wood, however mass 
loss had only increased to by week 24 indicating that
decay was only just significant ( > 3 f ° ) »
Dehydrogenase activity in soils about control 
perspex blocks in all boxes showed similar patterns of 
change. After increased activity during the first two weeks 
of burial activity declined during the remaining 22 week 
period. Enzyme activity in soils about different 'wood types 
and treatments showed marked variation (fig 5.14.) Untreated
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lime blocks underwent the greatest degree of decay and 
enzyme activity in soil about these blocks demonstrated the 
largest increases. Presence of copper chrome arsenic 
preservative in lime blocks slowed rates of mass loss and 
inhibited dehydrogenase activity in soil about such blocks, 
at similar mass losses enzyme activity was much greater in 
soil about the -untreated blocks. Dehydrogenase activity in 
soil about untreated pine blocks also increased with increase 
in mass loss from blocks, but such increases in activity are 
significantly less than activity in soils about untreated 
lime blocks at similar mass losses. In soil about treated 
pine blocks dehydrogenase activity decreased throughout the 
24 week period giving rise to a negative correlation between 
enzyme activity and mass loss; activity was thus lowest in 
soil about such blocks. It is therefore possible to rank 
dehydrogenase activity in soil in decreasing order of 
magnitude according to the blocks from where soil was 
sampled: lime > lime + CCA > pine >  pine + CCA; interestingly
mass loss and nitrogen content of blocks demonstrate similar 
ranking.
5.3-2.2. Soil nitrogen.
Results for soil nitrogen values are presented 
in Table 5.1. The results show that only miner changes 
occurred in nitrogen content of soil within Jmn of blocks. 
Values for soil nitrogen content remained relatively constant 
for soil surrounding inert control blocks, whereas nitrogen
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values for soils about wood blocks showed a greater degree 
of variation. Nitrogen contents of soils increased from 
week 1 to week 12 around all blocks and then remained 
relatively unchanged for the remaining 12 week period. For 
weeks 12 and 24, nitrogen values are higher for soils around 
wood blocks compared to control values; however, variation 
in nitrogen values for all soils including the control 
values indicate that soil nitrogen values are not significantly 
different.
5.3*2.3* Estimates of fungal hyphal length and bacterial 
numbers in soil.
5.3 • 2.3 • 1 • Fungal hyphal 1engths.
Estimates of lengths of fungal hyphae in soil 
within 3mn of buried untreated lime blocks and inert controls 
blocks at weeks 1, 12 and 24 are presented in Fig. 5.15 (a). 
The results show an increased fungal presence in soil about
— 4
the lime blocks, increasing from 335m g dry soil at week 1 
to 756m g“  ^ dry soil by the 24th week of burial, an increase 
by a factor of x2*3. Fungal hyphal length in soil within 3mm 
of inert control blocks decreased slightly during weeks 1 - 
12, followed by a rapid deplation of fungal hyphae down to 
only 18m g dry soil by week 24. Fungal hyphal length in 
soil within 3mm of 0*5$ copper chrome arsenic treated blocks 
(Fig. 5.16.) shewed little alteration over the 24 week burial 
period. Compared to control blocks, which showed significant
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decreases, these results indicate that a marked difference 
of fungal hyphal lengths occurred in soil about lime wood 
rather than inert control.
Fungal hyphal lengths in soil within 3mm of pine 
blocks (Fig. 5.17.) decreased in both periods, weeks 1 - 1 2  
and weeks 12 - 24, decreasing from 219m g”  ^ dry soil at 
week 1 to 144m g“  ^ dry soil at week 24. In soil about 
0*25> copper chrome arsenic treated pine blocks (Fig. 5.18) 
fungal hyphal lengths decreased from 208m g~^ dry soil to 
only 11m g"^ dry soil at week 24. Values for fungal hyphal 
lengths in soil about inert control blocks showed a similar 
pattern of decrease as those for treated pine blocks, fungal 
presence decreased from 262m g” *^ dry soil to 27m g"^ dry 
soil at week 24.
Results for fungal hyphal lengths in soil within 
3mm of all wood blocks and inert controls are presented in 
Table 5.2 (a). The results presented here show that lengths 
of fungal hyphae decreased significantly in soil around 
control blocks and in soil around treated pine blocks.
Fungal hyphal lengths also decreased in soil within 3mm of 
untreated pine blocks, but the decrease was not as great as 
for the treated pine or inert control blocks. Lengths of 
fungal hyphae in soil about treated lime blocks remained 
unchanged during the 24 week period of burial, whereas in 
soil about untreated lime blocks fungal hyphal lengths 
showed significant increases.
Relationship between mass loss from blocks and 
fungal hyphal lengths in soil within 3mm of such blocks is
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shown in Fig. 5.19 (a). The results show that there is a 
significant correlation between these two variables at both 
the 12 and 24 week periods. As decay increased the fungal 
hyphal lengths in soil about decaying blocks also increased, 
and where little or no decay occurred the fungal presence in 
soil about such blocks decreased.
5.3.2.3.2. Bacterial numbers.
Bacterial numbers in soil within of untreated 
lime blocks are shown in Fig. 5.15 (b). The results show 
that bacterial numbers increased by 330^ over the 24 week 
burial period. Bacterial numbers in soil about treated lime 
blocks showed an increase of 200^ over the same time period 
(Fig. 5.16 (b).). Numbers of bacteria in soil about inert 
controls showed a small decrease over the 24 week period.
Bacterial numbers in soil within 3nim of pine blocks
(Fig. 5.17 (b).) showed a small increase during the 24 week
7 7burial period, from 3*0 x 10 cells g 1 dry soil to 4*6 x 10
cells dry soil. Numbers of bacterial cells in soil
about copper chrome arsenic treated pine blocks (Fig. 5.16 (b).)
remained unchanged during the 1 - 1 2  week period. During
the 1 2 - 2 4  week period, however, bacterial numbers decreased
7 —1to only 1*8 x 10 cells g dry soil. Numbers of bacteria 
in soil about inert controls remained unchanged over the 24 
weeks of burial.
relationship between bacterial numbers in soil and 
mass loss in blocks is shown in Fig. 5.19 (b). The results
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exists between bacterial numbers in soil within Jim of wood
blocks and the decay status of blocks. As decay proceeded
in blocks bacterial numbers in soil about blocks increased in
all cases except treated pine blocks. In copper chrome
arsenic treated pine blocks decay did not become significant
( y,'c) until week 24 at which point mass loss was 3-6?$.
Between weeks 1 - 1 2  mass loss from treated pine blocks
remained below 1 • 55$ and bacterial numbers remained constant 
7 -1at 3*0 x 10 cells g dry soil; however, once mass loss
increased to a level greater than 3/^  bacterial numbers
7 -1declined to 1«8 x 10 cells g ' dry soil.
Relationship between fungal hyphal length -
bacterial numbers and dehydrogenase activity in soil within
3mm of wood-soil interfaces is shown in Figs. 5.20 (a) (b).
The measure of activity does not differentiate between the
contribution each group of organisms makes to the total
activity. In terms of biomass fungal mycelium, because its
continuous filamentous nature results in large biovolume,
dominates over bacteria with their discrete minute units
. o'which requires very large numbers ( 10 ) to contribute 
significantly to biomass. Both fungal hyphal lengths and 
bacterial numbers have been compared with total dehydrogenase 
activity; however, although such a value does not reflect 
the true value of enzyme activity for each group of organisms. 
It is likely, however, that since fungal biomass contributes 
the greatest proportion to total biomass the enzyme activity 
was probably due in the main to fungal metabolic processes.
indicate, especially at week 24, that a strong correlation
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Fig. 5.20 (a) indicates that a significant
correlation exists between fungal hyphal length and enzyme 
activity in soil. The graph differentiates between enzyme 
activity and fungal hyphal lengths at both 12 and 24 weeks; 
each of these periods have correlations of r = 0*99 (24 weeks) 
and r = 0*94 (12 weeks) between the variables. Similarly 
bacterial numbers correlate significantly with enzyme activity 
in soils, at 24 'weeks r = 0*97 and at 12 weeks r = 0*98.
Fig. 5.1. % Nitrogen (---------- ) and % Mass Loss f-------- ) in lime sapwood blocks buried for ti









Fig. 5.2. % Nitrogen (----------) and % Mass Loss (--------- ) in 0-5% CCA treated lime sapwood blocks
buried for time periods indicated. Points are means of three replicate blocks and standard
errors.
Time (weeks)
Fig. 5.3. % Nitrogen (---------- ) and % Mass Loss ( -------- *-) in pine sapwood blocks buried for time periods
indicated. Points are means of three replicate blocks and standard errors.
Time (weeks)
Fig. 5.A. % Nitrogen ( --------  ) and % Mass Loss ( ------  ) in 0-5% CCA treated pine sapwood blocks

















Fig. 5.5. Relationship between % mass loss and % nirrogen for both untreated and 05 CCA Treated lime and
pine sapwood blocks. Untreated lime ( •  ) ; 0-5% CCA treated lime ( O ); unTreated pine ( ■ ) ;
















Fig. 5.6. Dehydrogenase activity in soil within 3mm of lime sapwood blocks ( ------------- ) and inert plastic
blocks (-------------) ar times indicated. Points are means of three replicate blocks and standard
Time (weeks)
Fig. 5.7. Relationship between % mass loss ( ■ ) ,  % nitrogen ( • )  in buried lime sapwood blocks and 


























Fig. 5.8. Dehydrogenase activity in soil within 3mm of 0-5% CCA treated lime sapwood blocks (---------- ) and
inert plastic blocks (----------) at times indicated. Points are means of three replicate blocks and
Time (weeks)
Fig. 5.9. Relationship between % mass loss ( ■ ] ,  % nitrogen ( # )  in buried 0 5 %  CCA treated lime sapwood
blocks and dehydrogenase activity in soil within 3mm of the blocks. Points are means of three 
repl i cares.















Fig. 5.10 Dehydrogenase activity in soil within 3mm of pine sapwood blocks
blocks (----------- ) at times indicated. Points are means of three
standard errors.
(------------) and inert plastic
replicate blocks and
Time (weeks)
Fig. 5.11. Relationship between % mass loss ( ■ ) ,  % nitrogen ( • )  in buried pine sapwood blocks and 



























Fig. 5.12. Dehydrogenase activity in soil wirhin 3mm of 0 5% CCA rreared pine sapwood blocks {--------) and
inerr plastic blocks (---------) ar rimes indicated. Points are means of three replicate blocks and
Time (weeks)
Fig. 5.13. Relationship between % mass loss ( ■ ) ,  % nitrogen ( • )  in buried 0 -5%  CCA treated pine sapwood 
blocks and dehydrogenase activity in soil within 3mm of the blocks. Points are means of three 
replicates.
nm TTF/g dry soil / 24hrs.
Fig. 5.1 U. Relationship between mass loss and dehydrogenase activity in soil within 3mm of wood blocks: 
lime untreated ( □ —  □) ;  lime treated ( ■ ------■); pine untreated (o— o) and pine treated (•-—• ) .











Fig. 5.15. Fungal hyphal lengths and bacterial numbers in soil within 3mm of buried untreated lime
sapwood blocks and inert perspex blocks at times indicated. Points are means of three











Fig. 5.16. Fungal hyphal lengths and bacterial numbers in soil within 3mm of buried 0-5% CCA treated
lime sapwood blocks and inert perspex blocks at times indicated. Points are means of












Fig. 5.17. Fungal hyphal lengths and bacterial numbers in soil within 3mm of buried untreated pine
sapwood blocks and inert perspex blocks at times indicated. Points are means of three















Fig. 5.18. Fungal hyphal lengths and bacterial numbers in soil within 3mm of buried 0-25% CCA treated
pine sapwood blocks and inert perspex blocks at times indicated. Points are means of









Fig. 5.19. Relationship between fungal hyphal lengths and bacterial numbers in soil within 3mm of blocks
and mass loss from such blocks at 12 weeks (□---□ ) and 2U  weeks (■— ■).
Hyphal length (m) N°- Bacteria (x107 )
Fig. 5.20. Relanonship between fungal lengths and bacterial numbers in soil within 3mm of blocks and
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% Nitrogen contents of soil within 3mm of : 1) Lime untreated,
2) Lime treated with 0-5% W/V copper chrome arsenic,  3) Pine 
untreated, U) Pine t reated  with 0-25% W/V copper chrome arsenic and 
inert controls. F igures  represent means of three replicate determinations 
with standard deviations at t ime periods indicated.
Week 1 Week 12 Week 2 U
Untreated 0-175 + 0-019 0-206 + 0-008 0-199+0-019
Treated CM 64 + 0-002 0209+0-008 0-219 + 0-038
Control 0-191 ±0018 0-191 +0-005 0-188 + 0-011
Untreated 0-178± 0-007 0-206 + 0-002 0-197+ 0-002
Treated 0172 + 0-008 0-196+0-008 0-205+ 0-008
Cont rol 0190 + 0-012 . 0-179+0-009 0-184 + 0-015
183
Table 5.2.
Fungal hyphal lengths (m g-1 dry soil) and bacterial numbers (x107 g-1 dry soil) in soil within 3mm
of wood blocks indicated or inert control blocks at 





Control 205+4 4 4-1+0-64
Untreated 283+41 3-1 + 0-60
Treated 286+59 3-8+1-32
Control 262+64 30+0-61
time periods 1, 12 and 24 weeks. Figures represent means
Week 12 Week 24
Fungi Bacteria Fungi Bacteria
5 0 5 t 63 6-2+0-63 756+296 17-0+6-10
330+33 4-5+0-51 356+ 47 11-5+1-30
172+15 3-0+0-33 18+ 11 ■ 3-0+0-49
218+ 55 3-9+0-27 144+ 25 4-6+0-50
62+22 3-0+0-48 11+ 4 1-83+0-19
69+10 2-5+0-74 27+ 18 3-1+0-45
5.4 Discussion
One of the aims of this soil burial experiment was 
to monitor changes in microbial populations in soil 
contiguous with wood during decomposition processes. For 
this investigation the dimensions of blocks were selected to 
present to soil a large surface area resulting, on burial, 
in a greater wood-soil interface in contact with soil than 
normally achieved with the smaller 10 x 10 x 5™  blocks 
usually used for decay studies at this laboratory. The 
increased wood-soil contact was necessary to allow relatively 
large amounts of soil to be sampled for study and analysis.
St akes were avoided primarily to eliminate any possible wick 
action. This mechanism has been demonstrated to increase 
nitrogen contents of wood by deposition of soluble nitrogen 
salts from the soil solution at evaporative surfaces within 
the wood. Soil solution moves through stakes in response to 
■water loss from that portion of the stake above the groundline. 
As water is lost it is replaced bp further soil solution 
moving into that portion of the stake emplaced in the soil . 
below the groundline (Uju et_ al, 1981).
Blocks were buried to a depth of between 40 - 60mm 
in v/ell aerated soil, at between 80;c - 100^ water holding 
capacity. The presence of free oxygen is inhibitory to 
nitrogen fixation, nitrogenases being very sensitive to 
oxygen concentrations even at very low levels (Child, 1981).
The well aerated soil used in this investigation would 
mitigate against the development of anaerobic conditions
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and therefore would not encourage bacteria to fix nitrogen. 
Thus it was considered unlikely that significant nitrogen 
fixation processes would operate in wood in soils in this 
investigation.
Nitrogen increases were shown to occur in all 
blocks during the first week of burial regardless of wood 
type or treatment. Large increases in nitrogen content of 
blocks only occurred, however, in those blocks undergoing 
decay and a significant correlation was established between 
nitrogen content and mass loss of these blocks. Nitrogen 
contents of blocks were calculated on preburial weights and 
values were therefore not inflated by mass loss. It is 
generally considered that mass loss from wood blocks is not 
significant below 35®. In this study 3$ mass loss occurred 
at a wood nitrogen value of 0#180$S (Fig. 5.5.), a value in 
close agreement with that determined by King elj.al. (1983) 
in other wood decomposition studies undertaken at this 
laboratory.
If, as earlier hypothesised that nitrogen contents 
of blocks would not be increased in this study by either a 
wick mechanism or nitrogen fixation, then another source 
of nitrogen is necessary. The strong correlation between 
nitrogen contents of blocks and mass loss plus the fact 
that nitrogen did not show further increases in wood after 
the first week unless decay occurred, strongly indicates a 
microbial involvement in such nitrogen increases.
Hates of mass loss and nitrogen input to blocks 
were closely related in both wood types whether untreated
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or treated 'with copper chrome arsenic. However, such rates 
of increase in nitrogen content of wood and mass loss from 
wood were dependant on wood type and preservative presence. 
Untreated lime blocks demonstrated greater rates of mass 
loss and increases in nitrogen contents than untreated pine 
blocks. Similarly untreated wood blocks showed rates of 
mass loss and nitrogen input greater than copper chrome 
arsenic treated blocks of the same wood type. Notable is 
the fact that rates of nitrogen increase and mass loss were 
greater in copper chrome arsenic treated lime than they
were in untreated pine; such a result emphasises the 
observation that soft rot decay of copper chrome arsenic 
treated wood in soil may be primarily related to hardwoods.
Effects that wood has on soil microbial populations 
when v;ood is placed in soil were assessed by monitoring 
changes in microbial populations in soil adjacent to wood 
and evaluating changes in total microbial metabolic activity 
Dehydrogenase assays were used to determine metabolic 
activity in soil microflora. Dehydrogenase enzymes moderate 
transfer of hydrogen ions in redox reactions of the Krebs 
cycle (Smith & Pugh, 1979). 2, 3> 5* - triphenyl tetrazolium
chloride (T.T.G.) is assumed to act as the terminal hydrogen 
ion acceptor in place of oxygen in the tricarboxylic acid 
cycle and be reduced to red 2, 3, 5, - triphenyl tetrazolium 
formazan (T.T.F.). Spectrophotometric measurement of the 
TTF formed thereby gives a direct indication of the rate of 
turnover of the tricarboxylic acid cycle. The method has, 
however, been criticised because TTC is considered to be
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relatively inefficient in competing with oxygen for hydrogen 
ions and in being unsatisfactory in assessing differences 
in microbial activity between different soils (Benefield 
et. al., 1977). However, as noted by Benefield et. al. on. 
cit., conditions during the assay are made anaerobic, the 
aerobic dehydrogenases utilising the TTG as the final 
hydrogen ion acceptor. The advantage of using dehydrogenase 
assays as indicators of microbial metabolic activity in soil 
is that if used as a relative rather than an absolute 
measurement within the same soil, then preferential 
assessment of substrate specific organisms is avoided.
Results for dehydrogenase assays, fungal hyphal 
lengths and numbers of bacterial cells in soil adjacent to 
decayed and undecayed wood and inert perspex control blocks 
cleorly demonstrate that decomposing wood in soil considerably 
modifies microbial population densities and total metabolic 
activity within such soils. In soil within Jmm. of decaying 
wood, lengths of fungal hyphae, bacterial numbers and 
dehydrogenase activity all increased with the exception of 
soil about untreated pine blocks in which hyphal lengths 
showed a gradual decrease. In soil surrounding undecayed 
blocks or inert controls fungal hyphal lengths decrease 
and dehydrogenase activity declines, although bacterial 
numbers remain little altered.
Dehydrogenase activity, hyphal lengths and 
bacterial numbers in soil all show a strong correlation 
with mass loss from blocks. In untreated lime as decay 
proceeds with time the microbial population increases with
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a corresponding increase in dehydrogenase activity. The 
effect of copper chrome arsenic preservative in lime blocks 
is to slow the rate of mass loss from blocks. At similar 
mass losses, however, e.g. 25^ dehydrogenase activity is 
much greater in soil about untreated rather than copper 
chrome arsenic treated blocks. Untreated lime blocks lose 
2 5^ of mass loss by week 12, whereas treated blocks only 
reach 25^ mass loss by week 24. A comparison of microbial 
populations in soil at week 12 for untreated lime and at 
week 24 for treated lime show a larger amount of fungal 
hyphae in soil around the untreated blocks, 505m compared 
to 556m in soil about the treated blocks. There is, however, 
significantly more bacteria in soil about the treated
7blocks as opposed to the untreated wood, 11*5 x 10 ,
7 -1compared to 6*2 x 10 g 1 dry soil. Thus the increased
dehydrogenase activity around untreated blocks may be due
to the larger fungal population and may not be compensated
for by the greater numbers of bacteria about the treated
wood. From these data it can be seen that fungal
populations, in terms of biovolume, predominate in the soil
population examined; 1m fungal hyphae with a mean diameter
of 3pmhas a volume equivalent to 7 x 10 bacterial cells
•5of mean volume 1pm per cell. At the 12 week period soil
0 3about untreated lime contains 35 x 10pm fungal hyphae and
' Q o
only 0.6 x 10prn bacterial cells. At 24 weeks, soil about
8 *5treated lime contains 25 x 10pnrr fungal hyphae and 1*2 x
8 310 pitt bacterial cells. Totals of biovolumes in each soil
8 3 8 3are therefore 35*6 x lOpnrv and 26*2 x 10pnrv for soils
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about untreated lime and treated lime respectively, a difference 
8 3of 9*4 x 10 pm . Soil about untreated lime therefore has 
35*9^ more microbial biovolume in soil within 3mm of the 
wood-soil interface, compared to similar soil about treated 
lime blocks, although both are at similar levels of decay, 
approximately 25/^  loss of mass. The higher level of 
dehydrogenase activity in soil about untreated lime compared 
to treated lime is therefore probably a measurement of the 
greater fungal presence.
The rate of mass loss from pine blocks is much 
slower than that for lime; untreated pine blocks had a mass 
loss of only 9*2fo by week 24, such a level of decay had taken 
place in untreated lime blocks by week 5 and by week 24 mass 
loss was 45/;. This comparative slowness of mass loss by 
pine compared to lime is reflected in microbial population 
densities and therefore dehydrogenase activity in soil 
about pine blocks. Both fungal hyphal lengths and enzyme
4
activity in soil are significantly less at similar time 
periods than such values in soil about lime. Fungal hyphal 
lengtns in soil about untreated pine decreased by 3On over 
the 24 week burial period; however, in soil about inert 
controls and copper chrome arsenic treated pine fungal 
hyphal lengths in soil decreased by approximately 92^.
Treated pine blocks underwent only minimal decay with a 
mean mass loss of only 3*6^ at week 24, a mass loss value 
■which is generally considered to be only just significant.
In soil about treated pine and inert controls, both fungal 
hyphal lengths and dehydrogenase activity show very
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significant decreases.
The results for fungal hyphal length, bacterial 
numbers and dehydrogenase activity in soil about wood 
clearly demonstrate the pronounced effect decaying wood 
has on the soil microflora. As mass loss increases from 
wood blocks microbial population densities increase and 
enzyme assays reflect such increases. Interestingly, 
although lengths of fungal hjrphae decrease in soil about 
untreated pine by 300, enzyme assays indicate increased 
activity, which suggests that although there is a smaller 
fungal population, it is metabolically more active than 
the fungal population at the beginning of the burial.
Rates at which microbial biovolume or microbial 
population densities change vary between wood types and 
whether there is a preservative presence. Such differences 
in rates of population change in soil are directly 
correlated with mass loss from the wood, increased mass 
loss is reflected in increased population densities in 
soil. The reasons 'why rates of mass loss vary between 
wood types is not fully understood, although postulates 
are numerous. It is evident from the results of this 
investigation that significant mass loss does not occur 
from wood below a certain threshold level of nitrogen 
content in wTood. In this study mass loss of 3a occurred 
at a mean nitrogen value in wood of 0*1800 although the 
regression equation indicates that mass loss below 30 
is initiated at 0*1570. Both lime and pine blocks used 
had nitrogen contents of 0*1250 and 0*0750 respectively,
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and therefore, before mass loss could occur increases in 
nitrogen contents of both wood types was necessary. As pine 
initially has a lower nitrogen content, the time 
requirement to reach the nitrogen threshold value would of 
necessity be of a longer duration than that.for lime, 
assuming rates of increase are similar for both wood types. 
The delay in initiation of decay caused whilst nitrogen 
contents of wood increase might explain why decay is not 
an immediate event, but does not explain the prolonged 
period of time it takes for nitrogen increases to occur in 
pine blocks and to some extent treated lime.
If, as postulated, that nitrogen increases are due 
to increased microbial presence in wood, then the delay in 
nitrogen increases in pine and treated lime must be 
attributable to a mechanism which hinders invasion processes 
occurring prior to and during wood decomposition.
Clearly, the results presented in this chapter 
indicate conclusively that decaying wood in soil has a 
significant effect on soil microbial populations and their 
metcholic activity. Soil testing may possibly be utilised 
as a method of predictive testing for wood decay in soil. 
Enzymatic and population studies on soil adjacent to wood 
could be evaluated to determine the degree to which decay 
has taken place. The results for soil nitrogen content 
indicated a raised level of nitrogen in soil about wood, 
but not at a sufficient level to be considered significant. 
It may perhaps be necessary to delimit the volume of soil 
sampled to within 1mm of wood-soil interfaces before the
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nitrogen content of soil could be used as a parameter of 
measurable significance.
Further work is necessary to determine accurate 
methods for determining microbial populations and 
metabolic activity in wood itself. Without such methods 
it is not possible to conclusively demonstrate and quantify 
that increases in nitrogen contents of wood during decay 
are solely attributable to microbial biomass.
The investigation presented in this chapter 
does, however, clearly demonstrate that far from being 
inert and passive, wood has a profound influence on the 
microorganisms and the extent of microbial activity in 
soil adjacent to wood-soil interfaces, and that analyses 
of soil about wood may be useful indicators in themselves 
of the events taking place in wood during the decomposition 
process.
The results show specifically that:
1. The nitrogen content of wood totally buried in soil 
increases during the decay process, and that 
such increases are strongly correlated with 
mass loss from the blocks.
2. Dehydrogenase activity in soils within r^nn.
of wood-soil interfaces increase significantly 
only about wood undergoing decay, except for 
such activity in soil about 0  25/^  CCA treated 
pine, where enzyme activity decreases at 
least in the early stages of decay.
3. Fungal hyphal lengths increase in soil within
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3mm of lime blocks undergoing decay, but 
decreases slightly about pine blocks which 
had also undergone significant mass losses.
In soil abbut control blocks and 0  25/* GCA 
treated pine blocks, fungal hyphal lengths 
decreased to low levels.
4. Bacterial numbers increase significantly in 
soil about wood undergoing decay, but decrease 
in soil about controls and 0*25$& CCA treated 
pine blocks.
5. Both fungal hyphal lengths and bacterial 
numbers are significantly correlated with 




Effects of physical barriers on 
decay of wood in soil contact.
195
6.1. Introduction
The previous chapter described investigations of 
wood decay in soil and clearly demonstrated that during 
decomposition processes events occur in both wood and soil 
adjacent to wood which are inter-related. Microbial- 
population densities and enzyme activity of microorganisms 
in soil showed very significant correlations with the decay 
status of wood as measured by mass loss. If, as proposed 
in the last chapter, nitrogen increases in wood during
r
decay are a consequence of microbial biomass transfer from 
soil to wood, then physical barriers at wood - soil interfaces 
may inhibit such transfers and delay decomposition processes.
Chapters 2 and 3 demonstrated that wood acted as 
a chemostimulant towards both fungi and bacteria. 
Chemostimulation of the soil microflora by.wood volatiles or 
soluble nutrients might be the initiator of such proposed 
microbial transfer to wood and hence increase nitrogen content 
of the wood. Barriers impervious to simple wood nutrients 
and wood volatiles might not only prevent microbial transfer 
across wood - soil interfaces simply by their physical 
presence but also by disrupting the chemostimulatory mechanism.
The aim therefore of this investigation was to 
determine the effects physical barriers closely applied to 
wood stakes had on microbial population changes in both wood 
and soil during prolonged exposure to soil. Stakes were 
chosen rather than completely buried blocks as soft rot decay 
of wood in soil often occurs with most severity at the ground 
line. The positioning of physical barriers was chosen to
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Lime was chosen as the wood type because a 
comparison was available for completely buried blocks from 
chapter 5. Stakes were treated with 0.5$ W/V copper chrome 
arsenic, a concentration known to allow soft rot attack, 
from previous studies at this laboratory, but which also 
limited decay by potential basidiomycete colonisers.
As yet no satisfactory method has been developed 
to determine and quantify microbial presence in wood. The 
use of dehydrogenase assays as a relative indicator of 
microbial activity in soil was considered a useful technique 
as dehydrogenase activity in soil showed significant 
correlation with the density of microbial population present 
therein. In being non-substrate specific the assay also 
evaluates metabolic activity amongst a diverse spectrum of 
organisms and are not substrate specific and thus limited to 
specific flora as cellulase assays would be. Such assays 
would evaluate microorganisms capable of degrading cellulose 
as a substrate but omit those which might be scavenging for 
simpler nutrients. Using dehydrogenase assays on wood might 
therefore give an indication of microbial population densities 
in wood and be of use in evaluating the effectiveness of 
physical barriers.
The purpose of the experiments described in this 
chapter were to:
1. Determine effects of physical barriers on 
decay of wood in soil contact.
protect the most vulnerable area of stakes and therefore such
barriers extended above and below the groundline.
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2• Evaluate effects of physical barriers on 
nitrogen transfer to wood from soil.
3. Determine effects of physical barriers on 
dehydrogenase activity in soil.
4. Compare dehydrogenase activities in wood 
and soil.
6.2. Materials and methods
6.2.1. Preparation of wood blocks
Quartersawn planks of lime (Tilia vulgaris Hayne) 
were dried in a fan oven at 40°C and stored at ambient 
laboratory temperatures in a ventilated cupboard for at 
least six months. Planks then had radial faces removed to a 
depth of 2mm to eliminate wood with nutrient rich surfaces.
(King ejt.al.1975). Stakes measuring 80 x 20 x 5mm were 
accurately cut from the sapwood of such planks so that the 
20 x 5mm faces were in transverse section, the 80 x 20mm 
faces in radial section and 80 x 5mm faces in tangential section. 
Stakes were dried to constant mass in an oven at 102° + 2°C 
and weighed and then treated with 0,5ft tf/V copper chrome 
arsenic solution.
Impregnation of stakes was carried out by weighting 
down stakes with glass slides in glass containers placed in 
a vacuum dessicator. A vacuum was drawn for i5 minutes 
followed by the introduction of the copper chrome arsenic 
solution and releasing any residual vacuum (BS 6009:1982).
Stakes were left submerged for 30 minutes, removed from
containers, blotted dry and placed on 80 x 5mm faces on glass 
sheets in a large chromatography tank, A small volume of 
xylene in a glass container was introduced into the tank and 
the tank sealed with a glass cover sheet. Stakes were turned 
onto alternate 80 x 5mm faces twice weekly. The tank was 
kept sealed for two weeks, partially open for the third week 
and fully open for a final week. Stakes were stored in 
ventilated sterile glass petri dishes for a period of eight 
weeks prior to leaching.
Stakes were leached by soaking in glass distilled 
water for 24 hours with 10 stakes per 6 litres of water in 
each container. Stakes were removed and placed on plastic 
mesh in a vacuum dessicator and a vacuum drawn for 10 minutes, 
extracted liquid running away through the mesh. Stakes were 
blotted dry and impregnated with fresh sterile glass distilled 
water as described for the copper chrome arsenic solution. 
Stakes were then soaked for a further 72 hours in glass 
distilled with a change of water every 24 hours. Stakes were 
removed from the *water, blotted dry and air dried to 
approximately 100^ moisture prior to burial.
Before burial half the stakes were fitted with heat 
shrinking polyethylene collars to act as barriers. The collars 
were formed from thermofit plastic tubing (Tuga Nr.12 Black 
Raychem Ltd. England) which contracts upon heating above 120°0 
to a minimum diameter of 9*3mm, such shrinkage taking place 
in approximately 2 seconds. One of the two 20 x 5mm transverse 
faces was labelled Omm to aid orientation, such faces being 
the transverse face above the groundline on burial. 80mm
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lengths of plastic tubing were fitted around each stake 
and the tubing gently heated, with continual movement in a 
bunsen flame made just non-luminous for approximately 8 
seconds. Upon heating the diameter of the tubing contracts 
forming a tightly fitting collar around the stakes. Excess 
plastic was removed using a sharp scalpel so that plastic 
covered that length of the stake between 10 - 50mm.from the 
Omm labelled transverse face.
6.2.2, Burial
Moisture content and water holding capacity were 
determined for soil previously sieved through a 2mm screen 
(Savory,1973.)• Preweighed plastic containers, measuring 
500 x 210mm and 140mm deep, were filled to a depth of 100mm 
with soil and reweighed, 15 stakes fitted with plastic 
barriers and 15 uncovered stakes were randomly inserted, 10 
to each container, to a depth of 60mm with 20 x 5mm faces in 
the horizontal plane leaving a 20mm section of the stake 
above the groundline and the Omm labelled transverse face 
uppermost* In this orientation stakes fitted with plastic 
barriers were protected by such barriers to a distance of 
10mm above soil surfaces and 30mm below soil surfaces.
Boxes were weighed and wetted evenly over surfaces 
with enough distilled water to bring the soil to 80% of its 
water holding capacity and incubated in the dark at 25°C for 
24 weeks, a length of time shown to be necessary for adequate 
decay to take place in 0*5^ copper chrome arsenic lime blocks 
from other work undertaken at this laboratory. Boxes were 
weighed twice weekly and where necessary distilled water
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added evenly over the soil surface to maintain it at 80$ of 
its water holding capacity.
Stakes were recovered together with soil within 
3mm of wood or plastic covered surfaces for the whole 60mm 
buried portion of the stake. This was achieved using a thin, 
tin plated, steel sheet folded into an open ended rectangular 
mould similar to that used for the recovery of buried block 
in chapter 5. The mould was positioned on the soil surface 
by measurement and then inserted carefully so that the mould 
remained normal to the soil surface and fully enclosed the 
stake. In two cases the mould deviated by more than 1mm from 
the normal and in such cases these stakes were not included in 
the results.
Both plastic covered and uncovered stakes were 
> seperated into two sets, one set used to determine nitrogen 
content of wood, mass loss and moisture content and the other 
set for dehydrogenase activity. Determination of wood nitrogen 
content and mass loss necessitated drying wood at above 100°C 
thereby destroying activity in most microorganisms present.
A second set of stakes were therefore used to determine 
dehydrogenase activity of the microorganisms present in the 
wood and in the soil about those sections of wood chosen. In 
all analyses wood was sampled from three positions of the 
stake, taking Omm to represent the top of the stake above the 
groundline then samples were removed from between 0-1Omm, 
35-45mm and 60-70mm, designated sections 1.2. & 3 respectively 
the 35-45mm section being beneath the protective plastic 
barrier in those stakes fitted with such barriers. Soil was
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sampled for dehydrogenase assay with Jwm of the 35-45nnn and 
60-70mm sections. Five replicate stakes with barriers and 
five without barriers were used for dehydrogenase assay and 
seven replicate stakes with barriers and seven without barriers 
were used for nitrogen content, mass loss and moisture content 
determination.
The mould containing stake and surrounding soil was 
laid flat on a clean glass sheet and opened along its unfixed 
edge. For each of 5 uncovered stakes and 5 protected stakes 
chosen at random from the twelve of each type a 10mm wide 
band of adjacent soil was carefully removed at two positions
(1) 15-25mm below groundline (35-45nim from the 0mm labelled
transverse face) and (ii) 40-50mm below groundline (60-70mm 
from the Omm labelled transverse face) which was sufficient 
soil for one dehydrogenase assay. Dehydrogenase activity was 
assessed on each of these samples as described in chapter 5«
For the 5 protected stakes the plastic barriers 
were removed by cutting along their lengths. Then together 
with the 5 stakes which had no barrier 10mm wide sections of 
wood were accurately cut out at positions matching those from 
which the soil had been sampled ,35-4 5mni and 60-70mm sections 
from the Omm labelled face. The wood sections were weighed 
and then finely divided into thin slivers using a scalpel 
and a clean glass sheet. Dehydrogenase measurements were 
carried out as for soil. Heat sterilised wood of the same 
dimensions, wetted with sterile water, were used as controls.
Prom the remaining seven plastic covered and seven 
unprotected replicate stakes 10mm wide sections of wood were
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cut accurately from three positions. (1) 0 - 10mm, the
topmost section of the stake and above the groundline (ii)
15 - 2 5mm below groundline (35 - 45m h  from the Omm labelled 
transverse face) (iii) 40 - 50mm below groundline (60 - 70mm 
from the Omm labelled face). Such 10mm wide sections of wood 
were considered to have -J-th or 12.5$ the mass of the original 
stake prior to any mass loss during burial.
The 10mm wood samples were weighed wet and then 
dried in an oven at 102°C + 2°C to constant mass and reweighed. 
Kass loss was calculated on preburial weight which was 
calculated as 12.5$ of the original mass of the stake.
Moisture content was calculated on the post burial mass of the 
wood. Each sample was then divided into approximately two 
halves, each half 'weighed accurately and nitrogen contents 
determined for each half of the wood section by micro Kjeldahl 
procedures described previously in chapter 4 and calculated 
on the preburial mass of the wood.
6.3. Results
Results for mass loss from wood are presented in 
fig 6.1. The results show that mass loss occurred in all 
sections of 'wood below the groundline. Decay did not take 
place in those sections of wood above the groundline and 
therefore not in soil contact. Wood sampled from between 
15 - 25mm below the groundline (section 2) had mean mass 
loss values of 5.0$ for those stakes fitted with plastic 
barriers and 13*99$ for matched stakes without barriers,
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t - test for the significance of the difference indicates 
that the probability P = 99*9$ (0.001). Wood sampled from 
between 30 - 40mm below the groundline (section 3) had the 
highest mass loss values, 25.65# for stakes fitted with 
barriers compared with 19.70# for stakes not fitted with 
barriers, significantly different.at a probability P = 95# 
(0.05).
Results for nitrogen contents of wood are shown in 
fig 6.2. Prior to burial nitrogen content of wood was 0^125#, 
therefore in all sections nitrogen content had'significantly 
increased. In wood sections above the groundline nitrogen 
contents had increased to 0.312# and 0.315# for stakes with 
and without barriers respectively, i.e. increases of 152# 
compared to initial nitrogen content of the wood, however the 
difference between nitrogen contents of wood is not significant 
between the matched stakes with and without barriers.
In section 2, 15 - 25mm below the groundline, wood 
nitrogen content beneath barriers had increased by 97# to a 
valueof 0.246# whereas in matched stakes without barriers 
nitrogen content had increased by 222# to 0.402# very 
significantly different at P = 0.001. In sections 3, nitrogen 
content of wood increased by 342# and 310# respectively for 
stakes with and without barriers respectively to values of
0.467# and 0.455#, such values not being significently 
different. Nitrogen content of wood above the groundline 
(section 1) is significantly lower than nitrogen content of wood 
sampled at section 3 for both sets of stakes regardless of 
whether barriers were fitted or absent.
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Results for dehydrogenase activity in wood and soil 
are presented in figs 6.3 and 6.4. The results for wood 
demonstrate that in section 2 of stakes with plastic harriers 
dehydrogenase activity is sighificantly lower at P = 0.01 
than for any wood section in soil contact. No 2,3,5* - 
triphenyltetrazolium formazan was extracted from heat 
sterilised wood indicating no dehydrogenase activity occurred 
and that wood itself did not reduce 2,3,5, - triphenyltetrazolium 
chloride.
Results for dehydrogenase activity in soil within 
3mm of wood-soil or harrier-soil interfaces show that 
dehydrogenase activity was very limited in soil adjacent to 
plastic harriers surrounding wood. 39.0 nl>I TTF g"~^  dry soil 
per 24 hours were recorded for these stakes whereas , in 
matched positions of stakes not fitted with harriers enzyme 
activity was 68.3 nM TTF g~^ dry soil per 24 hours, 
significantly different at P = 0.025; background dehydrogenase 
activity in soil at least 50mm from wood stakes was 31 hM 
TTF g dry per 24 hours. In section 3 of stakes fitted with 
harriers enzyme activity is significantly higher than in 
section 2 of the same stakes, dehydrogenase activity being 
the highest recorded in soils within 3mm of section 3 of 
stakes fitted 'with barriers. The values recorded in soil 
about section 3 of stakes fitted with harriers was 135.1 ril'd
_  -tTTF g dry soil per 24 hours compared ’with a mean value of 
— 171.5 nK TTF g dry soil per 24 hours for soil adjacent to 
section 3 of stakes not fitted with harriers significant at 
P = 0.025.
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The relationship between mass loss and nitrogen 
contents of wood are shown in fig 6.5 for stakes not fitted 
with plastic barriers and in fig 6.6 for stakes fitted with 
barriers. A strong correlation exists between degree of mass 
loss and nitrogen content of wood in all stakes. For stakes 
not fitted with barriers r = 0.81 significant at P = 0.01 
and for stake fitted with barriers r = 0.94 significant at
p = 0.001.
The relationship between dehydrogenase activity in 
wood and $ mass loss and $ nitrogen content in matched stakes 
is shown in fig 6.7 In both cases dehydrogenase activity 
correlates with both parameters. The significance of the 
correlation coefficient is low for mass loss results r = 0.81 
(P = 0.1) but significant for nitrogen values r = 0.93 
(P = 0.05). As matched blocks were employed it was not 
possible to plot individual mass loss or nitrogen content data 
against individual assays of dehydrogenase activity in the wood. 
Out of necessity therefore means were plotted against means 
thus reducing the numbers of observations to 4. Such a low 
number of observations lowers the value of significance and 
statistical significance may in fact be higher than that 
recorded in the results.
The relationship between dehydrogenase activity 
in soil and mass loss and % nitrogen content in stakes is 
shown in fig 6.8. There is a significant correlation between 
enzyme activity and mass loss r = 0.92 (P = 0.05) but only 
a low level of significance for nitrogen values r = 0.82,
(P = 0.1) Again only 4 observations are plotted because of
2 0 6
need to use matched sets of stakes making it necessary to 
plot only mean values.
The relationship between dehydrogenase activity 
in wood and dehydrogenase activity in soil shown in fig 6,9.
The results show that little correlation exists between the 
two sets of values with a great deal of variability in 
corresponding values of enzyme activity in wood and soil. The 
graph clearly illustrates however that where plastic barriers 
are present activity in both soil and wood are limited.
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Fig. 6.1 Weight loss (%) in lime sapwood stakes determined at three indicated positions:
1. 10mm above ground line. 2. 15mm below ground line. 3. £0mm below ground line. 
Stakes were either uncovered or covered at the ground line with inert thermofit 
plastic (blocks were treated with  0 *5 %  C.C.A. solution and f ig u re s  represent means 




Fig- 6.2. Nitrogen contents (% m/m) in lime sapwood stakes determined at three indicated
positions. 1. 10mm above ground line. 2. 15mm below ground line. 3. 40mm below 
ground line. Stakes were either uncovered or covered at  the ground line with inert 
thermofit plastic (blocks were treated with 0 - 5 %  C.C.A. solution and f igures  
represent means of seven replicates and their standard deviat ions) .
Section Section
G . L t
1. 0-315 ± 0-083
2. 0-402 ± 0-085





Fig. 6.3. Wood dehydrogenase activity (nm TTF/g  dry wood / 2£hrs.) in lime sapwood stakes
determined at two indicated positions: 1. 15mm below ground level. 2. £Omm below
ground level. Stakes were either uncovered or covered at the ground line with 
inert thermofit plastic (blocks were treated with 0-5% C.C.A. solution and f igures  









Fig. 6.4. Soil dehydrogenase activity (nm T T F / g  dry soil / 24 hrs.) in soil within 3mm of lime
sapwood stakes determined at rwo indicated positions: 1. 15mm below ground line.
2. 40mm below ground line. Stakes were ei ther  uncovered or covered at rhe ground 
line with inert- thermofit plastic (blocks were Treated with 0-5% C.C.A. solution and 










Fig. 6.5. Relationship between % mass loss and % nitrogen in 0-5% W/V CCA treared lime sapwood 
“ srakes at depths below groundline of 1. 15mm (■ )  and 2. £0mm ( • ) .
r= 0-81 (p = 0-01) 













Fig. 6.6. Relationship berween % mass loss and % nitrogen in 0-5% CCA treated lime sapwood 
stakes ar depths below groundline of 1. 15mm ( ■ l a n d  2. 40mm ( • ) .  Stakes were fitted 
with thermofit plastic barriers to a height of 10mm above and a depth of 30mm below 
groundline.
r = 0-94 (p= 0 001) 
Y= 0-202+ 00102(X)
0-1 -











Fig. 6.7. Relationship between dehydrogenase activity in wood and 1. % mass loss, and 2. % nitrogen








Fig. 6.8. Relationship between dehydrogenase activity in soil within 3mm of wood-soil interface and
1. % mass loss, and 2. % nitrogen in matched 0 5% CCA treated lime sapwood stakes.
50 -i





r = 0-82 (p= 0-1)
Y = 0-232 + 0 002 (X)
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Fig. 6.9. Relationship between dehydrogenase activity in wood and in soil within 3mm of wood-soil interface
at two positions below groundline: 1. 15-25mm ( o ) , a n d  2. 40-50mm ( • )  for 0-5% CCA treated  
lime stakes f i t ted  with thermofit plastic barriers to a depth of 30mm below groundline a n d  for 
0- 5% CCA t re a te d  lime stakes without such barr iers a t  matched positions: 1. 15-25mm (□  ), 
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Dehydrogenase activity in wood 
(nm TTFg“ 1dry wood / 2£hr s . )
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Fig. 6.10(a). Soil box showing arrangement of 
0 copper chrome arsenic treated lime sapwood 
Stakes are either fitted with thermofit plastic 




Fig. 6.10(b). Lime sapwood stakes (impregnated with 0«5/» 
copper chrome arsenic) showing: 1. Stake (with
thermofit plastic terrier), prior to emplacement in soil,
2. Stake (with thermofit plastic barrieg), after having 
been emplaced in soil for 24 weeks at 25JC, 3. Stake 
(as for stake 2), with plastic barrier removed, and
4. Control stake (i.e. without plastic barrier), after 
24 weeks in soil at 25°C.
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6o4 Discussion
In chapter 5 microbial biomass accumulation in soil 
about decaying wood in soil was shown to occur both in 
untreated and 0.5% copper chrome arsenic treated lime sapwood 
blocks completely buried in soil.
As decay status of wood blocks increased there was 
a contemporaneous increase in nitrogen content of wood and 
it was hypothesised that such nitrogen increases were due to 
an increased microbial population invading wood from soil.
The aim of the investigation undertaken and described in this 
chapter was to determine the effects physical barriers imposed 
between the wood and soil would have on wood decomposition 
processes. It was considered that such barriers would act 
not only to disrupt actual movements of microbial populations 
from soil to wood but also act to disturb chemostimulatory 
processes mediated by wood volatiles and nutrients.
The results presented in this chapter clearly 
demonstrated that lime sapwood stakes which were shielded at 
the groundline with closely fitted inert plastic barriers 
underwent only limited decay in that section of the stake 
enclosed by such barriers. Dehydrogenase activity in soil 
adjacent to plastic barriers was significantly less than 
enzyme activity in soil adjacent to the same sections of 
matched copper chrome arsenic treated stakes and such actively 
was shown in the previous chapter to be related to microbial 
density in soil. The use of dehydrogenase assay for 
determining microbial activity in wood was developed and
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shown to be a useful indicator of microbial presence. In 
those areas of wood which underwent significant decay i.e. 
in those sections of stakes which were in direct soil contact, 
dehydrogenase activity was very significantly above 
dehydrogenase activity in wood sections sampled beneath 
plastic barriers.
The correlation coefficient for dehydrogenase 
activity in soil and dehydrogenase activity in wood is not 
significant. Further studies are necessary with greater 
replication to elucidate the more precise relationship 
between dehydrogenase activity and microbial population 
densities. The five replicate assays performed on both 
wood and soil showed too great a variability for a correlation 
with statistical significance to be drawn. The observations 
however are clearly arranged into two sets. Where enzyme 
activity in wood is low the corresponding value in the soil 
is equally small. In those sections of wood where enzyme 
activity is elevated then a similar increase is noted for 
soil.
The effect of the barrier is to both limit mass 
loss and increases in the nitrogen content of the wood.
Where there were no barriers fitted decay proceeded at rates 
similar to those for completely buried 0.55° copper chrome 
arsenic treated blocks. The barrier inhibits the development 
of an increased microbial population in the soil as measured 
by dehydrogenase assay and prevents significant transfer of 
microorganisms from soil to wood.
There were significant increased levels of nitrogen
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in all sections of stakes sampled. Decay, however, was not 
even over the length of stakes but was maximised at bases of 
stakes. ( Fig. 6.10 ) 40 - 50mm below the soil surface. 
Conditions for decay must have been optimised at such areas 
and not at the soil surface or groundline as postulated.
Further studies are therefore necessary to delimit the area 
of greatest decay risk. Monitoring the effects of physical 
barriers extending far enough into the soil so as to afford 
protection to those lengths of stakes susceptible to greatest 
decay hazards is therefore required to evaluate the true 
effectiveness of such inert barriers.
The increases in wood nitrogen were considered to be 
due largely to an increased microbial presence, however large 
increases in nitrogen occured on those sections of stakes 
above the soil surface and not in soil contact. Such sections 
were not decayed and the nitrogen accumulated in these areas 
may well be explained by wick action (Uju et.al, 1981).
Where decay of wood had occurred however nitrogen contents were 
significantly higher than in those undecayed sections of wood 
above the groundline. The mechanism of 'wick1 action may 
thus well deposit nitrogen at evaporative areas in the wood, 
however in such cases these may well occur above the 
groundline and this is consistent with nitrogen concentrations 
observed in those sections removed from tops of stakes. The 
very high levels of nitrogen in the lower sections of stakes 
may not be explained in this way. In response to the loss 
caused by evaporation of water above the groundline the lower 
sections might be considered to be in a constant state of
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elution by soil solution and might be expected to have lower 
nitrogen values. They did, however, have as stated previously 
significantly elevated nitrogen contents with very significant 
correlation between nitrogen contents and mass loss. Furthermore, 
as nitrogen values of the most decayed sections of stakes were 
similar to those of buried 0.5$ copper chrome arsenic treated 
lime blocks at similar mass losses recorded in chapter 5, 
these increases were considered to be a direct consequence of 
increased microbial populations associated with the decomposition 
process.
Nitrogen content of wood beneath the barriers was 
increased by approximately 90$ to a mean value of 0.246$ at a 
mass loss level of 5$. That decay had occurred in these 
sections meant that invading microorganisms had gained access 
from the unprotected wood surface 5nim below the sampled area.
It was noted on removal of barriers that some discolouration 
had occurred 2 - 3nnn beneath the lower edge of the plastic 
barriers. On shrinking the thermofit fitted very tightly at 
corners of stakes but in some cases the barrier was relatively 
less tight on radial faces due to stresses at the corners.
To secure better adhesion stakes of round cross section would 
distribute stress during shrinkage more equally and thus might 
have reduced the incidence of decay observed below barriers.
Smith (1980) proposed that wood decomposition in 
soil could be divided into two phases. A decay phase delimited 
to that period of time when mass loss was measurable followed 
an induction phase. Smith considered the induction phase to 
consist of a lag period during which soil microorganisms
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responded to wood presence in soil. Such responses consisted 
of recognition of proximity of nutrient resource followed by 
invasion, colonisation and utilisation of such resources.
The presence of physical barriers between wood and 
soil may prevent microorganism recognising the presence of 
the newly emplaced resource. The dehydrogenase assays 
indicated that in the soil adjacent to barriers microbial 
densities did not increase. Chapter 5 has shown that 
dehydrogenase assays correlate well with fungal hyphal length 
and could be used as a direct measure of fungal biomass in 
soil. Enzyme activity was very significantly increased only 
in soil adjacent to decaying wood. The possibility exists 
therefore that analysis of soil microbial biomass and 
activity could be developed as a method to determine the 
degree to which decay has occurred in wood. Such predictive 
testing of wood decay in soil would therefore not require 
actual wood sampling procedures.
Results presented in this chapter clearly 
demonstrate that:
1. Inert plastic barriers about wood in soil 
afford a degree of protection against decay as 
measured by mass loss.
2. Barriers inhibit the transfer of nitrogen from 
soil to wood.
3. The density of microbial populations measured 
by dehydrogenase assay are reduced in both wood 
and soil about wood in those sections of stakes 





Carbon mineralisation in soil is the decomposition 
of carbon containing organic resources to inorganic forms 
of carbon compounds such as carbon dioxide. Wood is a 
carbonaceous resource containing an heterogenous amalgam 
of organic substrates including cellulose, lignin 
hemicelluloses and proteins in complex inter-relationship 
with each other and decay of wood in soil is inevitable 
unless environmental parameters are altered making 
decomposition processes non-sustainable. Generally, 
environmental conditions in most soils are stable, although 
quite pronounced cyclic variations may take place, and 
allow complex matter to be degraded to simpler inorganic 
forms.
The degradation of carbonaceous compounds in 
soil is undertaken by diverse groupings of saprophytic 
.microorganisms of which fungi and bacteria are considered to 
be of primary importance. Such breakdown is effected by 
enzymes which are produced extracellularly and which must 
hs^e physical contact with their substrates before 
decomposition can take place. The long filamentous growth 
habit of fungi and small discrete nature of bacterial cells 
ensures that they can pervade a new resource and make 
intimate contact with carbonaceous substrates 'which comprise 
■wood cell walls.
Beth fungi and bacteria in soil are considered to 
exist mainly as inactive or dormant propagules, conditions
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known as fungistasis and bacteriostasis (Dobbs & Hinson,
1953; Lockwood, 1977; Lynch, 1982). Lynch (1982) found 
that sterilisation of soil by autoclaving or irradiation 
alleviated fungistasis and release from fungistasis was 
considered by him to be a response to increased nutrient 
levels in soil following cell death and lysis after 
sterilisation. Soil bacteriostasis can also be counteracted 
by nutrient addition to soil (Ko & Chow, 1977; lynch, 1982). 
Lynch concluded that microbiostasis in soil could be 
explained by soil being nutrient depleted and Gray & 
williams (1971) suggest that soils do not have enough input 
in the form of plant litter to even satisfy maintainance 
energy requirements of the microflora, thus necessitating 
that heterotrophic organisms grow actively only at sites of 
high nutrient concentrations such as plant rhizospheres.
Smith (1980) proposed that when 'wood is emplaced 
in soil small traces of nutrients diffuse from the wood 
into soil, counteracting fungistasis and stimulating 
germination of dormant fungal propagules although he also 
considered that little work had been done in this area.
Hardie (1979) showed that water soluble leachates of sapwood 
of several wood species stimulated germination of ascospores 
of Chaetomium globosum although lime (filia vulgaris Hayne) 
inhibited germination, king et al (1 9 8 3) showed that wood 
with high soluble nitrogen content stimulated rates at 
which nitrogen was transferred from soil to wood compared 
to wood with low soluble nitrogen content, and these workers 
considered that soluble wood nutrients may have pronounced
effects on soil microbial populations.
Chapter 2 of this thesis demonstrated clearly 
that dried wood in the vicinity of fungal inocula stimulated 
hyphal growth. It was also shown that such growth was 
oriented towards wood even when wood was treated with a 
non-volatile preservative such as copper chrome arsenic.
Such oriented growth even occurred towards material 
subjected to thorough aqueous leaching. It is well known 
that wood volatiles can inhibit or stimulate growth of many 
wood decay fungi; however, the results presented in chapter 
2 show for the first time that this response may be directed 
towards the source of those volatiles, i.e. wood.
Smith (1930) proposed that nitrients diffusing 
from wood into soil initiate germination of dormant fungal 
propagules and that emerging hyphae grow onto wood. The 
results presented in this thesis suggest that such emerging 
hyphae could orientate their growth in response to volatiles 
emanating from wood into soil. Such orientation of hyphae 
taking place along concentration gradients of volatiles 
which -would be most concentrated at wood-soil interfaces 
and decreasing with increasin'" distance into the soil. 
Furthermore, Emerson (1948) showed increased germination of 
ascospores of heurospora crassa when furfural was 
incorporated in basal media, and d a m n  jet al (1980) 
showed that many - C^q aldehydes and ketones stimulated 
conidiospore germination in both Alternaria alternate and 
Fnsariura so1anii when in soil imposed stasis. Furfural and 
C5 ” ^ 1 0 al{3ehydes snd ketones are common volatile compounds
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found in heated, and to a lesser degree unheated, Scots pine 
wood (Plodin & Andersson, 1977). Similar aldehydes and 
ketones (C^- C^q ) ^ave ^een shown to be autoxidation 
products of unssturated fatty acids (Swift et al, 1949; 
Swoboda <1 Lea, 1965) such as oleic and linoleic acids, both 
commonly found in wood (Rice, 1970).
It is therefore considered that it may not be 
necessary, as proposed bp Smith (1980), for nutrients to 
diffuse from wood to soil as precursors to stasis release.
As leached blocks have been shown by the work described in 
this thesis to elicit tropic responses, it is difficult to 
accept this postulate of Smith’s as the sole cause of decay 
initiation. The topic responses demonstrated by fungi were 
clearly stimulated by volatile emissions from the wood as 
other possible transfer routes, e.g. through the agar, were 
eliminated in the experimental design.. It is postulated in 
this thesis, therefore, that wood volatiles might not only 
initiate stasis release and germination of' fungal spores in 
soil as described b; other authors but also stimulate hyphae 
terminating from such spores to orientate their direction of 
growth towards the wood.
The importance of soluble nutrients in wood 
emplaced in soil may not be limited gust i r- the role of 
easily assimilated organic nutrients but, as shown in 
chapter also act to stimulate bacteria to accumulate in 
areas where soluble nutrient concentrations are greatest.
Ail four bacteria tested are commonly found in terrestrial 
habitats and the strain of Bacillus subtilis used was
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isolated from wood (lard. & Fogarty, 1972), Each of these 
bacteria demonstrated positive chemotactic responses to 
aqueous extracts of lime, pine, beech and eucalypt sapwood 
as well as to defined single nutrients such as amino acids 
and monosaccharides. Pseudomonas aeruginosa also responded 
to ammonium ions and all bacteria were more attracted to 
amino acids than sugars at the concentrations used in this 
investigation; nitrogen sources may be more attractive 
chemotactically than sugars and further investigations are 
required in this area.
Clubbe (1980) identified bacteria as the primary 
colonisers of both untreated and copper chrome arsenic 
treated wood in soil. King et al (1980) showed that the 
nitrogen content of wood could be significantly increased by 
a bacterial presence. It is also clear from the literature 
that bacteria isolated from wood and litter are predominantly 
flagellate and motile with Bacilli and Pseudomonads being 
especially numerous (Greaves, 1971; Gray et.al., 1974) and 
that colonisation of freshly emplaced litter in soil can be 
very rapid with tenfold increases in bacterial numbers in the 
first 3 days (Gray et. al., 1974). Such increases in numbers 
may obviously be due to proliferation by vegetative 
reproduction; however, it is well known that qualitative 
differences exist between the structure of bacterial 
populations distributed throughout soil and thove in the zone 
of plant rhisospheres. Random coincidence of growing root 
with soil bacteria may lead to increased numbers of those 
groups of organisms better able to compete in the root zone
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environment, therefore explaining such qualitative differences. 
However, Bowra & Dilworth (1981) and Gotz et. al.(1982) have 
demonstrated that Rhizobium spp. are stimulated by plant 
root exudate to show positive chemotactic behaviour, and 
such responses may be of fundamental importance in the 
development of plant rhizosphere populations. Similarly 
nutrients leaching from wood to soil may elicit positive 
chemotactic responses in motile soil bacteria thereby 
initiating invasion of wood substrates emplaced in soil, 
and this invasion may have significant implications for 
preservative performance. That this invasive process may be 
very rapid has been demonstrated by Gray et. al., (1974), 
and simple nutrients in wood may act not only to cause 
release of both fungal and bacterial sta^sis as proposed by 
Lynch. (1982), but also to direct bacteria to 'wood resources.
The presence of copper chrome arsenic preservative 
in wood in soil may have a significant influence on 
bacterial responses to leachates from wood. Bacterial 
-motility is severely inhibited in the presence of heavy 
metal ions cue to such ions complexing with the bacterial 
flavclla, even at concentrations as low as 10”^K (Adler B 
Templeton, 1967). Furthermore, the effect of free copper 
or chromium ions in 'wood would render motile bacteria 
immotile, preventing further colonisation, and if copper 
should leech from wood to soil the invasion of wood by 
bacteria may be prevented as much by inhibition of motility 
as to direct toxicity. Thus migration of copper to soil and 
its accumulation therein with associated changes in microbial
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biomass require much further investigation before the full 
process of decomposition of wood in soil when preserved can 
be fully elucidated.
The results presented in chapters 5 and 6 show that 
even when treated with copper chrome arsenic wood in soil 
decays, although the rate at which such decay occurs is 
slowed by preservative presence. It is therefore possible 
that microbial mechanisms exist which detoxify preserved 
wood in soil environments prior to decomposition processes 
taking place. Many biochemical compounds have chelating 
properties, e.g. organic acids and amino acids, amd such 
compounds are continuously produced in soil due to the 
activities of soil microorganisms. Death of bacteria due to 
the toxic nature of copper may cause lysis of the bacterial • 
cell releasing a wide variety of biochemical molecules into 
the environment, many of which would chelate or complex and 
solubilise or stabilise the heavy metals present. 
Solubilisation would render metal ions susceptible to leaching 
arm' removal from the wood environment. Secondary colonisers 
of wood such as fungi wo Id not, therefore, enter a material 
as; toxic as when initially emplaced in soil* or alternatively 
those toxicants present may be chelated or complexed by 
microorganisms or micro rial products so that they are no 
longer effective as toxicants.
Beveridge & Murray (1976) have shown that isolated 
cell 'walls of Bacillus subtilis can retain, complexed onto 
the surface, substantial amounts of heavy metal ions such as 
copper. Such ions are held tenaciously on such surfaces and
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rc:;cer the copper ions immobile and therefore non-toxic to 
further colonising microorganisms. The role of bacteria as 
the primary colonisers of preserved wood in soil might 
therefore be of greater significance than previously supposed.
Chapters 2 and 3 have shown for the first time 
that both fungi and bacteria show positive directional 
responses to wood. These responses are moderated by wood 
volatiles or aqueous extracts of wood and it is proposed that 
wood chemicals play an active role in stimulating and 
initiating the invasive process by microorganisms of wood in 
soil. The movement of microbial biomass from soil to wood 
would increase the nitrogen content of the wood thereby 
increasing the quality of the resource in terms of recycling 
of their nutrients for further invading microorganisms.
Primary colonisers such as bacteria can solubilise or 
immobilise elements of copper chrome arsenic preservative, 
mahin such preservative formulations less toxic. It is 
therefore proposed that the induction ohase of Smith (1950) 
consists of that period of time necessary for microbiostasis 
release which occurs when wood is emplaced in soil and the 
time taken for coth bacteria and fungi to invade the wood 
under the stimulus of wood chemicals and to initiate 
utilisation. The induction phase occupies a longer time 
period in copper chrome arsenic treated wood cue to the 
necessity for detoxification mechanisms to occur; however, 
such detoxification is an inevitable occurence and although 
copper chrome arsenic preservatives may delay decay processes 
they cannot prevent them.
The transfer of microorganisms from soil to wood
during decay has been monitored using changes in nitrogen 
concentrations in wood with time (King & ,7aite, 1 9 7 9 ).
Such a measurement relies on the assumption that the nitrogen 
changes in wood during decay are correlated only with 
microbial biomass presence. Such assumptions were justified 
by King et_. al. (1 9 8 1 ) who argued that nitrogen increases only 
occurred in wood undergoing decay and not in blocks remaining 
undecayed, and that such increases could not be due to a 
'wick' mechanism (Uju, 1 9 8 1) as totally buried blocks were 
utilised. The importance of nitrogen to soft rot decay of 
wood in soil was also stressed by King et. al. (1981); 
therefore, a preliminary investigation, described in chapter 
4 , was carried out to monitor nitrogen differences in soil 
adjacent to decaying wood in soil as a measure of differences 
in microbial population densities. These investigations 
indicated elevated nitrogen concentrations in soil within 1mm 
of severely decayed beech posts, and this increased level -was 
postulated to be due to increased microbial biomass. There 
was considenable variation in soil nitrogen content between 
the International Research Group on Good Preservation test 
sites, varying from a minimum of 0 *0 3 2^ at site 29 to as high 
as 0 #3 5 5p; at site 2 ; however, no correlation exists between 
these values with decay estimates published by Levy & 
Dickinson (IRG/fP/3164). There ’was die iculty in comparing 
soil nitrogen contents with wood decomposition at the sites, 
however, because no standard existed for sampling of soil.
To obtain meaningful data in future, therefore, such a 
standard ,.-ould need to be specified.
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A more detailed examination of wood decay in soil 
was undertaken to determine changes in microbial populations 
in soil during decomposition and described in chapters 5 and
6 . The changes in microbial population densities in soil 
were measured by three different methods. Nitrogen content 
of soil was monitored to determine whether it correlated with 
the more conventional method of direct observation of soil 
biomass using agar films and a biochemical assay method 
monitoring dehydrogenase activity was also used, both these 
latter methods being used for the first time in wood decay 
studies. The extent of wood decay was monitored using mass 
loss and nitrogen concentrations in ihe wood.
Results presented in chapter 5 showed for the first 
time that fungal hyphal lengths in soil were very significantly 
correlated with dehydrogenase activity in soil, and also with 
mass loss and nitrogen concentration in wood. There was a 
build up of both bacterial numbers and fungal biomass in soil 
about wood as decay progressed with time, and such bacterial 
numbers and fungal biomass were related to mass loss from the 
wood. That events occurring in wood and in soil are related 
have thus been positively established for the first time, and 
the hypothesis that wood, even when preserved or leached, 
strongly influences the microbial pasterns in soil confirmed, 
.■her wood is emplaced in soil it is therefore concluded that 
both bacteria and fungi may respond by directional movement 
or growth respectively towards the wood, and it may therefore 
be assumed from this that both bacterial numbers and fungal 
hyphal lengths would increase in soil contiguous with wood-soil
interfaces
As decay proceeds and wood polymers are degraded, 
simpler soluble nutrients would be released, possibly 
initiating further stimulation of the soil microflora, 
resulting in increased soil microbial biomass and increased 
invasion and colonisation of the wood. If the mechanism of 
decay occurs as described, then an inert barrier around wood 
in soil would have a twofold influence. Such barriers would 
act to prevent both wood volatiles and nutrients from 
diffusing into the soil, thereby preventing microbiostasis 
release, and secondly, such barriers would prevent the 
invasive process. Barriers were investigated and the results 
presented in chapter 6 indicate that microbial biomass 
transfer from wood to soil was prevented, and that microbial 
population densities do not increase in soil contiguous with 
wood-soil interfaces covered by bariers. For the first time 
denydrogenase assays were carried out in wood; these 
preliminary studies suggest that dehydrore.nase assays may be 
useful in quantifying microbial presence in wood.
As stated earlier, microbial population densities
in soil and wood was only seen to increase in those areas 
where decay had been initiated. The technique used in this 
invectigation sampled soil within 3mm of wood-soil interfaces. 
If sampling had been limited to 1mm it is possible that 
numbers of bacteria and hyphal lengths would have been seen 
to increase before decay initiation, and further work is 
necessary in this area. It may be possible, therefore, to 
investigate numbers and activity of the soil microbial
pooulation about wood as a predictive determination of the
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extent to which decay hass occurred in the wood. Further 
work is necessary therefore to study methods by which 
quantification of microbial biomass in wood can be 
accurately undertaken, especially by direct observation.
In soil this is achieved by agar films and possibly thin 
sections of wood could be used to measure hyphal lengths and 
bacterial numbers by the grid method described for agar 
films. Such measurements are essential in order to correlate 
dehydrogenase assays with microbial biomass presence.
The thesis postulates a mechanistic model for 
wood substrate utilisation in soil. Kicrobial growth 
patterns in soil adjacent to wood are radically altered by 
behavioural responses produced by both fungi and bacteria to 
chenostimulants in the microenvironment by which they first 
detect and then locate wood substrates in soil by chemotropic 
and chemotactic responses, and that emplacement of wood in soil 
initiates a sequence of events 'which lead to complete 
mineralisation of the wood substrate with time.
Studies of wood decay in soil have been largely 
concentrated upon colonisation and succession patterns of 
the microbial community in wood. Events occurring in soil 
have largely been neglected. The results presented in this, 
thesis reveal that a strong relationship exist:-, between wood 
substrate utilisation and changes in microbial population 
densities and activity in soil. Consideration should, 
therefore, be applied to the events 'which occur in soil in 
any study of wood decomposite on in soil.
The terrestrial environment is considered to have
a remarkable capacity to degrade large quantities of 
substrates with diverse chemical and physical properties.
Such diversity exists between hardwoods and softwoods and 
when treated or untreated with heavy metal preservative 
formulations. However, microbial communities are equally 
diverse and various combinations of different microorganisms 
are capable of degrading all wood substrates. An obvious 
extension of this thesis is that members of such communities 
are selected by the chemostinulatory nature of the substrates 
colonised, and that microbial communities and the climax 
populations are functions not only of the chemostimulatory 
nature of wood, but also by the chemostimulatory characteristics 
of previous colonisers and microbial residues, all of which 
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